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meeting  by  the  Defense  Systems  Acquisition  Review  Council  (DS.ARC)  and  the  DSARC's 
principal  advisor  on  new  system  costs  --  the  Cost  Analysis  Improvement  Grouo 
CCAIG) . 

This  report  recommends  guidelines  for  preparing  and  presenting  estimates  of 
the  support  investment  (SI)  andvQ_^S  costs  cf  combat  vehicle  systems  to  the  DSARC . 
It  provides  a framework  for  objective  comparison  of  SI  and  053. costs  of  program, 
design,  or  support  alternatives,  using  consistent  methodologies  and  terminology. 

A general  methodology  for  SI  and '.05S  cost-estimating  is  described,  a standard 
cost  element^structure  is  defined,  and  specific  requirements  for  presentation 
of  SI  and  6§S  cost  estimates  to  thel3SARC  are  proposed.  Standards  for  the 
presentation  and  documentation  of  those  cost  estimates  are  also  recommended.^*' 

These  gxiidelines  are  intended  to  achieve  consistent  and  effective  prepara- 
tion and  documentation  of  major  weapon  system  SI  and  OSS  cost  estimates,  and 
to  facilitate  DSARC's  and  CAIG's  examination  of  important  SI  and  CSS  cost  issues. 
This  report  will  be  available  to  the  CAIG  for  the  preparation  of  an  OSS  cost 
development  guide  for  combat  vehicles.  Cost  analysts  in  the  Military  Departments 
should,  therefore,  find  them  a useful  preview  of  forthcoming  DSARC/C.AIG  and  OSD 
requirements  for  OSS  cost  analysis.  Defense  contractors  should  find  them  useful 
in  carrying  out  weapon  system  cost  analyses. 
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The  Office  of  the  Secretary  of  Defense,  the  Military  Departments  and  defense 
contractors  have  for  some  time  been  actively  concerned  about  rising  life  cycle  costs 
(LCC)  of  defense  weapon  systems. 

Over  the  past  two  years,  the  Department  of  Defense  (DoD)  has  placed  new  emphasis 
on  examining  the  projected  operating  and  support  (O&S)  costs  of  planned  weapons  and 
finding  ways  to  reduce  those  costs.  O&S  cost  analyses  are  now  a major  part  of  the  cost 
review  conducted  at  each  weapon  procurement  decision  meeting  by  the  Defense  Systems 
Acquisition  Review  Council  (DSARC)  and  the  DSARC's  principal  advisor  on  new  system 
costs  - the  Cost  Analysis  Improvement  Group  (CAIG). 

In  support  of  the  DSARC/CAIG  review  of  system  O&S  cost  impacts,  LMI  weis 
assigned  the  task;  "Life  Cycle  Cost  Analysis  in  Support  of  the  DSARC."  The  goal  of  the 
task  was  to  develop  O&S  cost  review  procedures  and  estimating  methodologies  that  the 
DSARC/CAIG  will  find  useful  in  assessing  the  cost  effectiveness  of  new  weapon  systems. 

This  report  is  a product  of  the  task.  It  contains  guidelines  for  use  in  examining  the 
cost  impacts  of  new  combat  vehicles  and  a maintenance  cost  estimating  technique  that 
can  be  used  to  conduct  O&S  cost  trade-off  analyses  among  competing  systems.  This 
report  will  be  available  to  the  CAIG  for  the  preparation  of  an  O&S  cost  development  guide 
for  combat  vehicles.  Cost  analysts  in  the  Military  Departments  should,  therefore,  find  it 
a useful  preview  of  forthcoming  DSARC/CAIG  and  OSD  requirements  for  O&S  cost 
analysis.  Defense  contractors  should  find  it  useful  in  carrying  out  weapon  system  cost 
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analyses. 

A section  on  micro-cost  analyses  describing  procedures  for  conducting  in-depth 
reliability  versus  support  cost  analyses,  is  included  in  the  report  only  to  indicate  the  type 
of  analysis  that  can  be  conducted  to  determine  the  cost  effectiveness  of  alternative 
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combat  vehicle  components.  While  the  results  of  such  analysis  are  useful  to  the  Military 
Departments  and  to  contractors  for  making  detailed  weapon  system  configuration 
decisions,  they  generally  are  not  applicable  to  the  broadly  based  review  requirements  of 
the  DSARC/CAIG. 

The  overall  intent  of  this  report  is  to  contribute  conceptually  to  combat  vehicle 
system  O&S  cost  analysis.  Other  reports  in  this  series  deal  with  aircraft  and  ship  cost 
reviews  and  estimating  procedures.  A future  report  is  planned  to  deal  with  tactical  and 
strategic  missile  O&S  cost  analysis. 
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I.  INTRODUCTION 


A.  PURPOSE 

This  report  recommends  guidelines  for  preparing  and  presenting  estimates  of  the 
support  investment  (SI)  and  operating  and  support  (0<5cS)  costs  of  combat  vehicle  systems 
to  the  Defense  Systems  Acquisition  Review  Council  (DSARC).  It  provides  a framework 
for  objective  comparison  of  SI  and  O&S  costs  of  program,  design,  or  support  alternatives, 
using  consistent  methodologies  and  terminology.  A general  methodology  for  SI  and  O&S 
cost-estimating  is  described,  a standard  cost  element  structure  is  defined,  and  specific 
requirements  for  presentation  of  SI  and  O&S  cost  estimates  to  the  DSARC  are  proposed. 
Standards  for  the  presentation  and  documentation  of  those  cost  estimates  are  also 
recommended. 

These  guidelines  are  intended  to  achieve  consistent  and  effective  preparation  and 
documentation  of  major  weapon  system  SI  and  O&S  cost  estimates,  and  to  facilitate 
DSARC's  and  the  Cost  Analysis  Improvement  Group  (CAIG)'s  examination  of  important  SI 
and  O&S  cost  issues.  They  should  be  understood  as  recommendations  to  the  CAIG,  and  a 
contribution  to  the  preparation  of  an  official  cost  development  guide  for  combat  vehicle 
systems. 

B.  AUTHORITY  AND  REFERENCES 

The  basis  for  development  and  review  of  life  cycle  cost  (LCC)  estimates  within  the 
DSARC  is  set  forth  in  Department  of  Defense  Directive  (DoDD)  5000.2,  "Major  System 
Acquisition  Process."  The  Directive  requires  the  establishment  of  cost  parameters  for 
major  defense  system  acquisitions  that  reflect  the  cost  of  acquisition  and  ownership  as 
separate  cost  elements  and  as  translated  into  firm  design-to-cost  requirements.  The 
DSARC's  review  and  confirmation  of  LCC  estimates  are  thus  implied. 

Within  the  concept  of  design-to-cost,  the  DoD  intends  that  LCC  objectives  should  be 
determined  for  each  acquisition  program.  Although  the  initial  design-to-cost  goals  were 
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directed  toward  minimizing  unit  production  costs,  the  reduction  of  future  SI  and  0<5cS 
costs  during  design  and  development  should  also  be  an  objective.  Recent  DoD  guidance 
calls  for  the  Military  Departments  to  establish  O&S  cost  targets  for  weapon  systems  in 
development,  and  to  monitor  progress  toward  these  targets.  The  importance  of  evaluating 
the  SI  and  0<5cS  costs  of  new  systems  is  recognized  throughout  DoD,  and  implementation  of 
methods  to  evaluate  LCC  impacts  is  a major  element  of  the  DSARC  process.^ 

The  CAIG  advises  the  DSARC  on  all  matters  pertaining  to  weapon  system  cost 
analysis,  and  is  specifically  responsible  for  establishing  criteria,  standards,  and  procedures 
concerning  cost  estimates,  and  determining  what  costs  are  relevant  for  consideration  by 
the  DSARC.  Using  the  guidelines  recommended  in  this  report,  the  CAIG  intends  to 
establish  general  criteria,  standards,  and  procedures  for  the  preparation  and  presentation 
of  cost  estimates  of  major  weapon  systems  for  DSARC  review  and  consideration. 

C.  APPLICABILITY 

The  guidelines  recommended  in  this  report  apply  to  all  combat  vehicle  acquisition 
programs  reviewed  by  the  DSARC.  They  are  generally  applicable  to  any  cost  analysis 
performed  during  the  acquisition  process,  including  cost  effectiveness  and  design  trade 
studies. 

These  guidelines  call  for  cost  estimates  reflecting  costs  that  are  variable  with 
respect  to  acquisition  program  decisions;  hence,  the  estimates  are  not  the  same  as  total 
program  or  budget  costs,  and  contain  only  part  of  the  information  necessary  for  budget 
impact  analysis.  The  guidelines  are  designed  to  allow  the  cost  analyst  freedom  in  the 
selection  of  cost-estimating  techniques  and  models,  and  to  satisfy  the  institutional 
requirements  for  standard  conventions  and  minimum  requirements. 

D.  OVERVIEW 

Sections  U-VI  present  the  DSARC  requirements  and  a structure  for  combat  vehicle 
SI  and  0(5cS  cost  analyses  and  presentations.  Section  II  briefly  reviews  the  DSARC 

^See  Appendix  B,  Section  5,  for  selected  references  which  establish  the  need  for  SI 
and  06cS  cost  estimates. 
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process,  and  the  type  of  information  needed  for  analysis  and  review  of  major  combat 
vehicle  acquisition  programs.  Section  111  presents  the  basic  methodology  for  performing 
combat  vehicle  SI  and  O&S  cost  emalysis,  describing  the  role  of  each  major  component, 
and  establishing  certain  cost-estimating  principles.  The  use  of  variable  costs,  pre-DSARC 
meetings,  reference  systems,  system  program  definition  statements  (SPDS),  the 
application  of  the  cost  element  structure,  and  the  presentation  of  the  results  are 
emphasized.  Section  IV  recommends  the  cost  element  structure  (CES)  to  be  used  in  the  SI 
and  O&S  cost  analysis  of  combat  vehicle  systems.  The  CES  defines  and  categorizes  those 
costs  typically  affected  by  DSARC  decisions.  The  set  of  significant  cost  elements  that 
should  be  central  to  any  cost  analysis  effort  is  also  identified.  Section  V discusses 
maintenance  support  requirements  (MSR)  analysis,  which  addresses  trade-offs  between  | 

cost  and  design  parameters.  The  MSR  analysis  isolates  the  resource  requirements  related  I 

to  system  or  design  inherent  characteristics,  and  operations  or  manning  policies.  ! 

Section  VI  describes  the  DSARC  presentation  requirements  as  a function  of  various  i 

uncertainties  in  the  DSARC  process,  the  status  of  the  system  design,  and  the  SI  and  O&S 

1 

cost  analysis  issues  under  consideration. 

' ’ ' 

Section  vn  reinforces  important  aspects  of  the  SI  and  06cS  cost  analysis  process  and  ^ 

illustrates  some  typical  products.  The  importance  of  pre-DSARC  meetings  in  tailoring  the 
cost  analysis  to  current  acquisition  program  issues  is  emphasized.  Next,  a series  of 
illustrations  demonstrates  various  methods  of  presenting  SI  and  O&S  information  to  the 

■J 

DSARC.  They  include:  SPDS,  several  approaches  to  presenting  O&S  cost  trend  and  goal  ■! 

information,  and  examples  of  SI  and  O&S  cost  estimates.  Examples  of  cost  estimates  are 

expressed  in  terms  of  the  CES  introduced  in  Section  IV,  and  such  concepts  as  the 

reference  system,  and  the  baseline,  current,  and  independent  estimates  for  the  proposed 

combat  vehicle.  Section  VII  concludes  with  several  examples  of  micro-analysis— MSR  i 

analyses,  sensitivity  analyses,  and  trade-off  studies— that  are  frequently  implicit  in  i 

acquisition  program  decisions,  but  are  presented  to  the  DSARC  only  upon  request,  or  when 
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central  to  the  issues  being  discussed.  The  themes  of  Section  VII  are:  adjustment  of  the 
cost  analysis  to  the  acquisition  program,  clear  and  concise  communication  of  the  res'ilts 
to  the  DSARC,  and  the  placement  of  those  results  in  perspective,  so  that  the  DSARC 
appreciates  the  SI  and  O&S  cost  impact  of  program  decisions. 
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II.  THE  DSARC  PROCESS  AND  COST  REQUIREMENTS 


A.  INTRODUCTION 

DoDD  5000.1  places  the  responsibility  for  development  and  acquisition  of  major 
defense  systems  on  the  Military  Departments  and  Defense  Agencies.  Decisions  that 
initiate  or  increase  program  commitments  are  reserved  for  the  Secretary  of  Defense 
(SecDef). 

The  principal  mechanism  for  focusing  DoD  management  attention  on  a major  system 
acquisition  program  is  the  DSARC/DCP  process.  The  DSARC  is  an  advisory  body  to  the 
SecDef,  composed  of  the  Director  of  Defense  Research  and  Engineering,  and  designated 
Assistant  Secretaries  of  Defense.  The  DSARC  reviews  acquisition  programs  and  provides 
recommendations  for  SecDef  decisions.  The  essential  program  information  (e.g.,  needs, 
goals,  schedule,  costs,  and  risks)  and  the  SecDef  decisions  are  recorded  in  the  Decision 
Coordinating  Paper  (DCP).  The  DCP  is  frequently  referred  to  as  a contract  between  the 
SecDef  and  the  proponent  Military  Department  or  Defense  Agency. 

B.  THE  DSARC  PROCESS 

An  acquisition  program  is  initiated  by  a SecDef  decision  authorizing  a Military 
Department  to  proceed  with  the  identification  and  evaluation  of  alternatives  to  satisfy  a 
stated  mission  need.  Subsequent  to  program  initiation,  DSARC  reviews  are  keyed  to  the 
major  decision  milestones  of  a program.  These  milestones  mark  the  beginning  of 
demonstration  and  validation  (Milestone  I),  the  commitment  of  resources  to  full-scale 
development  (Milestone  II)  and  initiation  of  production  and  deployment  (Milestone  III). 
Other  DSARC  reviews  are  scheduled  as  needed.  The  basic  relationships  of  the  DSARC 
decision  points  to  LCC,  R&D  categories,  and  hardware  configuration  are  shown  in 
Figure  1. 


FIGURE  1.  COMBAT  VEHICLE  LIFE  CYCLE 
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Combat  vehicle  LCC  starts  with  initial  R&D  funding  for  advanced  development, 
which  permits  completion  of  the  conceptual  phase.  Milestone  I marks  the  initiation  of  the 
validation  phase  and  the  first  major  financial  commitment  to  the  development  of  a new 
combat  vehicle.  In  some  recent  programs,  the  validation  phase  has  concluded  with  a "run- 
off” between  competing  advanced  development  combat  vehicles,  and  the  selection  of  a 
single  contractor  for  engineering  development.  Approval  at  Milestone  II  initiates  full- 
scale  engineering  development.  In  this  phase,  the  design  configuration  and  characteristics 
of  the  combat  vehicle  are  tailored  to  the  operational  needs  of  the  Military  Department. 
When  engineering  is  complete.  Milestone  III  addresses  the  production  decision. 
Frequently,  Milestone  III  will  authorize  a low  rate  of  initial  production,  with  full-scale 
production  to  be  approved  by  a supplemental  DSARC  review. 

The  operating  and  support  phase  of  a combat  vehicle's  life  effectively  starts  with 
deployment  of  the  first  operational  units,  usually  well  after  completion  of  the 
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DSARC/DCP  process.  Yet,  the  major  determinants  of  O&S  costs  are  the  decisions  made 
during  the  DSARC/DCP  process.  DoD  requires  analysis  of  outyear  costs  during 
development,  design,  and  procurement,  with  the  objective  of  reducing  its  allocation  for 
the  operation  and  support  of  combat  vehicles.  Consequently,  an  analysis  of  SI  and  O&S 
costs  is  required  at  each  major  decision  milestone  to  assist  the  DSARC  in  verifying  that; 

DoD  can  afford  to  operate  and  support  the  proposed  combat  vehicle  once  it  is  in 
the  defense  inventory 

- Future  0<5cS  costs  have  been  adequately  considered  in  the  selection  of  the 
proposed  combat  vehicle 

- Positive  action  to  reduce  SI  and  O&S  costs  has  been  initiated  in  the  system 
design  and  the  development  of  support  concepts 

- Relevant  historical  O&S  cost  drivers  have  been  explicitly  considered  in  the 
design  of  the  new  system 

- Significant  trade-offs  between  cost  and  performance  of  alternative  designs, 
support  concepts,  and  acquisition  strategies  have  been  taken  into  account. 

C.  REQUIREMENTS  FOR  COST  INFORMATION 

The  fundamental  DSARC  requirements  for  SI  and  O&S  cost  information  are 
generated  by  DoD's  need  to  verify  that  the  proposed  combat  vehicle  system  is  being 
designed,  developed,  and  procured  within  reasonable  constraints  on  performance,  schedule, 
and  LCC.  In  general,  the  cost  information  includes:  an  estimate  of  the  SI  and  O&S  costs 
of  the  proposed  weapon  system;  presentation  of  clearly  defined  alternatives  and  the 
differences  in  their  SI  and  O&S  costs;  comparisons  between  the  estimated  O&S  cost  of  the 
proposed  system  and  the  historical  O&S  cost  trends  of  similar,  or  mission-analogous, 
operational  systems;  a comparative  analysis  of  the  relevant  historical  O&S  cost  drivers, 
and  their  relative  expected  values  for  the  proposed  system;  and  a discussion  of  the  O&S 
policies  that  will  result  in  the  lowest  O&S  costs  for  the  new  weapon  system, 
commensurate  with  overall  LCC  and  performance  criteria. 
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The  nature  of  the  cost  estimates  and  cost  comparisons  depends  on  the  phase  of  the 
acquisition  program,  and  the  specific  issues  involved.  At  Milestone  1,  little  about  the 
detailed  design  of  the  proposed  weapon  system  is  likely  to  be  known.  However,  the 
affordability  of  a program  must  be  judged,  alternatives  must  be  compared,  and  goals  must 
be  first  established,  all  at  this  formative  stage.  The  most  significant  impact  on  SI  and 
O&S  costs  can  be  achieved  at  Milestone  1.  Initial  SI  and  0<5cS  cost  estimates  must  be  made 
for  each  alternative  weapon  system  concept,  and  for  the  existing  similar,  or  mission- 
analogous,  system  (usually  the  one  to  be  replaced).  Such  estimates  should  reflect  system 
and  support  concepts,  mission  requirements,  and  anticipated  deployments. 

Prior  to  the  commencement  of  full-scale  engineering  development,  SI  and  O&S  cost 
estimates  and  cost  comparisons  ought  to  show  increased  accuracy,  commensurate  with 
more  fully  developed  configurations  and  support  concepts  for  the  weapon  system.  By 
Milestone  II,  the  subsystems  most  likely  to  influence  SI  and  O&S  costs,  and  those  whose 
development  is  most  uncertain  should  be  identified.  Logistics  goals  need  to  be  established 
for  these  critical  subsystems,  and  the  sensitivity  of  SI  and  O&S  costs  to  such  goals 
evaluated. 

The  SI  and  O&S  cost  estimates  prepared  for  Milestone  III  should  be  based  on  the 
current  design  characteristics  of  the  weapon  system,  the  schedule  for  introducing  the 
system  into  the  operating  forces,  and  the  initial  and  mature  system  support  plans.  The 
critical  subsystems  and  associated  logistics  goals  established  prior  to  engineering 
development  must  be  validated.  To  the  extent  feasible,  experience  from  the  test  and 
evaluation  program  ought  to  be  used  to  verify  progress  in  meeting  logistics  goals,  or  to 
signal  potential  problem  areas.  When  goals  cannot  be  met,  program  alternatives  and  their 
respective  impacts  on  O&S  costs  should  be  defined,  evaluated,  and  presented  to  the 
DSARC. 
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III.  BASIC  METHODOLOGY  FOR  COMBAT  VEHICLE 


A.  INTRODUCTION 

Section  III  presents  a set  of  methodological  principles  and  conventions  to  promote 
consistent  SI  and  O&S  cost  analysis.  The  essential  components  of  the  process  for 
developing  and  presenting  such  analyses  to  the  DSARC  are  specified. 

B.  COST  PERSPECTIVE 

1.  Cost  Categories  of  Interest 

The  major  LCC  categories  for  a weapon  system  are  outlined  in  Table  1.  These 
recommended  guidelines  address  only  the  SI  and  O&S  categories,  with  the  primary  focus 
on  O&S  costs. 

TABLE  1.  COMBAT  VEHICLE  LIFE  CYCLE  COST  CATEGORIES 

100  RESEARCH  AND  DEVELOPMENT 
200  INVESTMENT 

201  Weapon  System  Investment 

202  Support  Investment 

300  OPERATING  AND  SUPPORT 

301  Deployed  Unit  Operations 

302  Below  Depot  Maintenance 

303  Installations  Support 

304  Depot  Maintenance 

305  Depot  Supply 

306  Second  Destination  Transportation 

307  Personnel  Support  and  Training 

308  Sustaining  Investments 

2 

The  O&S  cost  categories  (301,  . . .,  308)  are  consistent  with  those  developed 
for  aircraft  and  ship  systems  and  represent  the  relevant  variable  operating  and  support 
2 

Cost  elements  within  the  SI  and  O&S  cost  categories  are  discussed  and  defined  in 
Section  IV  and  Appendix  A,  respectively. 
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costs  for  combat  vehicles,  and  are  intended  to  be  compatible  with  the  forthcoming  Army 
Visibility  and  Management  of  Support  Costs  (VAMOSC)  system.  This  compatibility 
supports  an  OSD  objective  to  foster  consistency  between  the  cost  analyses  for  the  DSARC 
and  the  Military  Departments'  O&S  cost  analyses  of  operational  weapon  systems.  A cross- 
mapping that  relates  a current  Army  O&S  cost  element  structure  (as  provided  in  AP  11-4, 
April  1976)  to  the  CAIG  required  cost  element  structure  in  this  report  is  provided  in 
Appendix  E. 

2.  Relevant  Variable  Costs 

The  cost  analysis  in  these  recommended  guidelines  centers  upon  the  major 
weapon  system  acquisition  programs  reviewed  by  the  DSARC.  Accordingly,  the  costs  of 
interest  are  those  that  can  be  affected  by  OSD  and  Military  Department  actions  during 
the  DSARC  process:  the  relevant  variable  costs.  The  objective  is  to  specify  all  relevant 
variable  SI  and  O&S  costs  to  the  government  from  both  contractor  and  in-house  activities, 
regardless  of  how  such  costs  are  funded.  The  O&S  cost  categories  reflect  the  recurring 
outlays  required  to  operate  and  support  the  weapon  system  to  achieve  the  desired 
capability  over  a specific  operational  lifetime. 

The  set  of  SI  and  O&S  cost  categories  is  intended  to  be  a comprehensive 
definition  of  the  relevant  variable  costs  for  the  DSARC.  However,  future  analyses  are 
bound  to  introduce  circumstances  in  which  additional  costs  will  be  relevant.  For 
example,  collateral  costs  for  such  activities  as  base  openings  or  closings,  or  combat  crew 
training  could  be  pertinent  to  some  combat  vehicle  acquisition  programs.  To  cover  these 
possibilities,  the  following  rule  should  be  applied: 

IF  A DECISION  WILL  AFFECT  COSTS  NOT  EXPLICITLY 
DESCRIBED  BY  THESE  GUIDELINES,  SUCH  COSTS  MUST  BE 
IDENTIFIED,  THEIR  MAGNITUDES  ESTIMATED,  AND  THEY 
MUST  BE  INCLUDED  IN  THE  COST  ANALYSIS. 


S 
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3.  Relationship  to  Planning,  Programming  and  Budgeting, 

Cost  estimates  for  planning,  programming  and  budgeting  address  total  costs. 
Because  the  cost  einalysis  called  for  in  these  proposed  guidelines  pertains  only  to  those 
portions  of  total  costs  that  are  variable  with  a combat  vehicle  acquisition  program,  the 
estimated  SI  and  O&S  costs  will  not  necessarily  be  the  same  as  program  or  budget  costs. 
However,  the  information  gained  from  these  SI  emd  O&S  cost  analyses  should  be 
compatible  with  approved  Program,  Planning  and  Budgeting  System  (PPBS)  costs,  and  can 
be  used  to  derive  the  impact  of  alternative  combat  vehicle  programs  on  programs  and 
budgets. 

C.  COST  ANALYSIS  METHODOLOGY 


Figure  2 outlines  the  basic  cost  analysis  methodology  for  these  suggested  guidelines. 
The  development  and  presentation  of  the  cost  analysis  involves  ten  fundamental  steps, 
organized  into  three  groups.  The  major  headings  state  the  themes  of  the  steps  within  each 
group.  The  arrows  indicate  the  necessity  for  repeating  individual  steps  and  groups  of  steps 
to  refine  perceptions  and  assessments  of  critical  issues.  Most  of  the  steps  are  standard 
components  of  systematic  cost  sinalyses,  and  should  be  familiar  to  experienced  cost 
analysts.^ 


1.  Defining  the  Pertinent  Issues  in  the  Pre-DSARC  Meetings 

Each  acquisition  program  is  likely  to  entail  special  cost  analysis  issues  and 
problems.  The  analyses  and  presentations  for  the  DSARC  must  be  tailored  to  deal 
effectively  with  them.  In  accordance  with  published  DoD  policy,  these  proposed 
guidelines  assume  pre-DSARC  meetings  throughout  the  DSARC  process.  The  CAIG 
Chairman  and  representatives  of  the  Military  Departments  are  the  principals  in  these 
discussions,  which  are  intended  to  improve  the  quality  and  relevance  of  the  analyses  and 
presentations. 

The  pre-DSARC  discussipns  should  cover: 

- Description  and  characterization  of  the  proposed  system 

- Description  and  characterization  of  an  existing  reference  system 
3 

See  Appendix  B for  selected  references  on  systems  and  cost  analysis. 
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- Specification  of  alternatives 

- Identification  of  historically  relevant  SI  and  O&S  cost  drivers  for  the 
proposed  system,  and  actions  planned  to  reduce  them 

- Identification  of  the  unique  properties  of  the  proposed  system  that  could  i 

affect  SI  and  O&S  requirements 

- Specification  of  content  and  ground  rules  for  the  cost  evaluation  and  its 

presentation,  including  determination  of  all  relevant  variable  costs  to  be  ; 

J 

included 

- Specification  of  significant  trade-off  issues  to  be  quantified  and  presented. 

2.  Identifying  the  Reference  System 

To  provide  the  required  contemporary  baseline  against  which  to  compare  the 
costs  of  a proposed  combat  vehicle,  a reference  system  must  be  identified.  A reference 
system  is  an  existing  operational  combat  vehicle  with  a mission  similar  or  analogous  to 
that  of  the  proposed  combat  vehicle.  Usually,  the  combat  vehicle  being  replaced  is  the  ; 

reference  system,  unless  another  exists  that  supplies  a better  point  of  reference  for  the 
cost  analysis.  The  proponent  of  the  new  system  and  the  Chairman  of  the  CAIG  should 

I 

jointly  select  the  reference  system  prior  to  Milestone  I.  i 

3.  Preparing  the  System  Program  Definition  Statement  (SPDS)  ! 

A prerequisite  to  the  development  of  useful  SI  and  0<ScS  cost  estimates  for  any 

new  defense  system  is  a detailed  definition  of  the  weapon  system  program.  The  SPDS 
satisfies  this  need  by 

- Reflecting  how  the  Military  Department  will  use  and  support  the  weapon 
system(s) 

- Supplying  the  essential  assumptions  and  information  for  the  cost  estimates  , 

submitted 

- Providing  a set  of  historical  data  on  the  evolution  of  weapon  system  design,  f 

and  the  corresponding  SI  and  O&S  cost  estimates  from  the  beginning  to  the  | 

completion  of  the  DSARC  process  i 


- Establishing  a basis  for  critical  review  of  mission  requirements  and  how 
well  the  proposed  system  design  and  support  concept  will  satisfy  them 

- Highlighting  the  design  areas  with  high  technological  risks  and  cost 
uncertainty. 

For  combat  vehicles,  the  SPDS  includes  descriptions  of  mission(s), 
characteristics,  manning,  maintenance  and  support  and  acquisition  policies.  The  SPDS 
effectively  augments  the  DCP  by  providing  additional  basic  assumptions  for  the  cost 
analysis.  A basic  outline  of  a SPDS  for  combat  vehicle  systems  is  presented  in  Table  2. 
The  SPDS  can  also  reference  selected  information  in  the  back-up  material  that  documents 
the  cost  estimates. 

The  substance  and  detail  of  the  SPDS  depend  on  the  phase  of  the  acquisition 
program,  and  must  be  adjusted  to  O&S  issues.  At  each  pre-DSARC  meeting,  the  specific 
content  of  the  SPDS  should  be  reviewed  to  ensure  its  responsiveness  to  the  pending 
DSARC  milestone.  The  SPDS  for  Milestone  I will  generally  be  less  extensive  than  for 
subsequent  DSARC  Milestones.  As  the  acquisition  program  progresses,  however,  the  SPDS 
must  be  expanded  to  reflect  progressive  refinement  of  th”;  combat  vehicle  design  and 
support  plans.  Detailed  analysis  below  the  initial  system  or  top-level  cost  estimates  will 
be  required,  for  example.  The  SPDS  will  then  have  to  furnish  such  information  as  a 
detailed  O&S  scenario,  to  allow  proper  interpretation  of  the  cost  estimates. 

The  SPDS  is  a dynamic  document,  changing  as  many  initial  expectations  about 
design  and  support  change  during  the  acquisition  program.  Changes  to  the  SPDS  must 
therefore  be  made  explicit.  The  initial  SPDS,  presented  at  Milestone  I,  should  be  retained 
as  a baseline,  and  the  revised  SPDS  should  be  annotated  at  subsequent  DSARC  reviews  to 
identify  changes  from  that  baseline.  The  DSARC  would  thereby  be  informed  that  a 
premise  of  the  initial  O&S  cost  estimate  had  been  changed,  which  would  be  likely  to 
affect  the  estimate  itself,  and  that  they  would  therefore  have  to  determine  if  the  impact 
of  such  a change  was  significant. 
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TABLE  2.  BASIC  OUTLINE  OF  A SYSTEM  PROGRAM  DEFINITION 

STATEMENT  FOR  CO\mr  VEHICLE  SYSTEMS 


A.  MISSION  PROnLE 

1.  Primary 

2.  Sacondary 

B.  COMBAT  VEHICLE  SYSTEM  CHARACTERISTICS 

1.  Performance  characteristics 

2.  Physical  characteristics 

3.  Expected  operational  life 

4.  Crew  requirements 

C.  ACQUISITION  PROGRAM 

1.  Desijfn-to-cost  goal 

2.  Number  of  Combat  Vehicles 

a.  Deployed 

b.  Training 

3.  Pipeline 
d Attrition 

3.  ProducUon/Deployment  schedule 

4.  Contract  commitments  on  support  cost  control 

5.  Special  considerations  for  multi-national  application 

D.  DEPLOYMENT 

1.  Peacetime 

a.  Number  of  CONUS/overseas  bases 

b.  Number  and  types  of  deployable  units  per  base 

c.  Number  of  Combat  Vehicles  per  Training/Deployed  Units 

d.  System  Rate  of  Usage  (Training/Tactical  Units) 

2.  Contingency/Wartime  Capability 

a.  Number  of  CONUS/Overseas  bases 

b.  Number  and  type  of  deployable  units  per  base 

o.  Number  of  Combat  Vehicles  per  Training/Deployed  Units 
d.  System  Rate  of  Usage  (Training/Tactical  Units) 

E.  SUPPORT  CONCEPT 

1.  initial  Support 

a Organization 

b.  Location  of  initial  operational  unit(s) 

0.  Use  of  contractor  support 

d.  Parts  supply 

e.  Initial  training 

2.  Mature  System  Support  - For  Each  Echelon,  Generally  Described 

a.  Organization 

b.  Functions  performed 

c.  Method  of  performance 

d.  Skill  requirements 

e.  Support  equipment  requirements 

f.  Workload 

?.  LOGISTICS  GOALS 

1.  Weapon  Syrtem  Goals 

a.  Serial  reliability 

b.  Combat  vehicles  mean  time  to  repair 

c.  Operational  ready  rate 

d.  Number  of  organizational  and  intermediate  maintenance  personnel 
per  unit 

2.  Subsystem  Goals 

a.  Engines 

b.  Communications,  etc. 

3.  Component  Goals 

a.  Fire  Control,  etc. 
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4.  Selecting  the  Relevant  Costs 


A cost  element  structure  (CES)  establishes  a standard  vocabulary  for 
identifying  and  classifying  the  variable  costs  relevant  to  a weapon  system  program.  The 
cost  categories  that  make  up  the  first  and  second  echelons  of  the  recommended  CES  were 
shown  in  Table  1.  The  complete  combat  vehicle  CES  is  discussed  in  Section  IV,  and  the 
cost  element  definitions  are  given  in  Appendix  A. 

At  step  four  of  the  cost  analysis,  the  CES  is  applied  to  the  acquisition  program 
under  consideration.  A check  is  required  to  determine  if  all  the  relevant  variable  costs 
are  represented  and  defined  in  a manner  compatible  with  the  cost  analysis.  Deviations 
from  the  recommended  CES  must  be  approved  by  the  CAIG  prior  to  use  in  the  analysis  for 
the  DSARC. 

5.  Constructing  the  Cost  Analysis  Model 

Specific  models  or  techniques  for  calculating  SI  and  O&S  costs  are  not 
prescribed  in  these  guidelines.  There  are  several  acceptable  ways  of  generating  SI  and 
O&S  cost  estimates,  and  no  one  approach  is  best  for  all  situations.  In  general,  the  context 
of  the  problem  and  cost  analysis  considerations  determine  the  estimating  process. 
Context  includes  the  phase  of  the  acquisition  program,  the  decisions  to  be  made,  and  the 
accuracy  and  resolution  required  in  the  estimate.  The  cost  analysis  considerations  are  the 
resources  available  for  the  task:  time,  data,  methodology  and  manpower.  A point  of 

reference  for  the  total  cost  estimate  should  be  provided,  along  with  visibility  of  key  SI  and 
O&S  cost  driver  subsystems  and  policies,  and  an  assessment  of  actions  to  reduce  their 
impact. 

The  following  criteria  are  useful  for  comparing  and  selecting  cost-estimating 

models: 

Decisions  involving  trade-offs  must  use  techniques  that  emphasize  cost 
differences  between  alternatives;  affordability  estimates  used  for  budget 
impact  analysis  may  use  macro  techniques  that  emphasize  a system-level 
perspective. 
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6. 


way  it  is 


For  trade-off  or  program  decisions,  the  cost-estimating  technique  mast 
provide  the  accuracy  required  to  distinguish  the  relative  cost  consequences 
of  the  alternatives.  Such  accuracy  is  a function  of  the  design  maturity  of 
the  system  or  subsystem,  the  cost  consequences  of  the  decision,  and  the 
data  and  time  available  for  making  the  decision.  The  amount  of  detail  and 
the  expected  degree  of  accuracy  of  cost  estimates  ought  to  be  reviewed 
explicitly  in  the  pre-DSARC  meetings. 

The  estimating  techniques  must  reflect  the  ol  and  OicS  costs  as  a function 
of  the  combat  vehicle's  characteristics,  operating  profile,  and  program 
level  considerations.  Such  considerations  come  into  play,  for  instance,  if 
alternative  combat  vehicle  programs  assume  different  numbers  of  vehicles 
to  perform  a given  mission. 

The  cost  models  must  provide  subsystem  visibility  by  associating  relevant 
costs  with  subsystems,  and  must  be  sensitive  to  specific  subsystem 
characteristics  and  differences  between  alternatives. 

The  cost-estimating  model  should,  where  feasible,  be  the  same  when 
comparing  alternatives  at  similar  stages  of  development.  This  is  to  ensure 
that  differences  between  cost  estimates  of  alternatives  result  from 
differences  inherent  in  the  alternatives,  and  not  from  differences  in  the 
cost-estimating  approaches.  When  the  cost-estimating  approach  is 
changed,  information  about  the  ensuing  cost  differences  must  be  provided. 
However,  when  comparing  conceptual  systems  with  prototype  systems  or 
operational  systems,  the  use  of  different  cost-estimating  approaches  is 
justified. 

Obtaining  Data 

Data  are  facts  or  assumptions  about  a combat  vehicle's  characteristics,  the 

operated  and  supported,  and  the  costs  or  essential  resources  (i.e.,  fuel. 
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manpower,  spare  parts,  etc.)  associated  with  it.  The  SPDS,  combined  with  the  DCP,  is  one 
source  of  data  essential  to  the  preparation  of  an  SI  and  OdcS  cost  estimate. 


For  these  guidelines,  data  about  both  proposed  and  existing  combat  vehicles  are 
needed.  The  proponent  Military  Department  and  the  participating  contractors  are  the 
principal  data  sources  for  proposed  combat  vehicles.  For  existing  combat  vehicles,  the 
using  Military  Department  is  the  principal  data  source.  Much  of  the  data  required  for  SI 
and  O&S  cost  analysis  is  currently  abstracted  (in  reports,  or  as  planning  and  cost  factors 
or  rates)  on  an  on-going  bsisis,  or  will  soon  be  available  from  products  such  as  VAMOSC. 
These  data  will  provide  a basis  for  both  the  estimation  of  SI  and  O&S  costs,  and  an 
assessment  of  the  most  costly  subsystems  and  elements.  Of  particular  interest  are  data 
that  could  be  used  to  establish  cost-reduction  targets  in  design  and  support  concepts. 
When  there  is  an  insufficient  qusuitity  of  the  desired  data,  its  effect  on  the  cost  analysis 
and  its  results  should  be  documented. 

7.  Establishing  Conventions 

Conventions  for  consistency  in  cost-estimating  are  presented  below.  They 
should  be  followed  in  aU  combat  vehicle  cost  analyses  for  the  DSARC,  unless  the  CAIG 
Chairman  and  the  Military  Department  representatives  agree  beforehand  that  a deviation 
would  better  serve  the  need  for  clarity.  Any  such  deviations  must  be  documented, 
a.  The  Normative  Approach  to  Cost-Estimating 

These  recommended  guidelines  focus  on  the  relevant  variable  costs  that 
should  be  incurred  by  a specific  weapon  system  under  the  O&S  conditions  specified  in  the 
SPDS;  they  are  not  designed  to  estimate  future  budget  expenditures  directly.  The 
difference  is  important.  An  estimate  of  actual  expenditures  presumes  the  ability  to 
predict  how  institutions  that  control  resource  allocation  and  expenditures  will  behave. 
The  normative  approach  used  here  attempts  only  to  estimate  what  the  future  variable 
resource  requirements  should  be,  given  certain  assumfStioqs^  about  the  characteristics  of 
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the  combat  vehicle,  the  tactical  doctrine  for  deployment,  the  support  policies,  the 
intensity  of  operations,  and  so  on. 


The  normative  approach  requires  more  than  a projection  of  historical 
cost  trends.  The  cost-estimating  model  must  provide  a logical  link  between  the 
assumptions  about  the  combat  vehicle  and  the  O&S  conditions  in  the  SPDS,  and  the 
resulting  cost  estimate.  These  cause-effect  relationships  are  crucial.  If  the  SPDS  is 
changed,  either  the  cost  estimate  must  change,  or  the  lack  of  change  must  be  explained. 

The  normative  approach  applies  to  an  existing  combat  vehicle  when  used 
as  a reference  system,  as  well  as  to  alternatives  for  an  acquisition  program.  The 
assumptions  and  cost-estimating  methods  for  both  the  reference  and  proposed  systems 
should  be  as  similar  as  possible.  Differences  in  03cS  conditions  (e.g.,  level  of  support, 
operating  intensity,  manning  policies,  etc.),  must  not  obscure  differences  in  those  combat 
vehicle  characteristics  affecting  O&S  resource  needs. 

b.  Use  of  Constant  Dollars 

Future  costs  should  be  estimated  in  constant  budget-year  dollars  of  the 
fiscal  year  following  the  calendar  year  of  the  cost  estimate.  For  example,  if  an  SI  and 
0<5cS  cost  estimate  is  made  during  calendar  year  1977,  then  the  cost  estimate  should  be 
presented  in  fiscal  year  1978  constant  dollars.  Adjustments  for  discounting  and/or 
inflation  can  be  presented  in  a separate  analysis,  when  agreed  upon  in  a pre-DSARC 
meeting. 

c.  Mature  System  Assumptions 

The  O&S  characteristics  of  a weapon  system  change  throughout  its 
' lifetime.  As  the  combat  vehicle  matures,  O&S  requirements  should  approach  a level  more 

indicative  of  its  design  characteristics  than  was  the  case  earlier.  When  estimating  typical 
annual  O&S  costs,  a mature  combat  vehicle  should  be  assumed.  The  characteristics  of  the 
mature  system  are  those  most  likely  to  occur,  and  they  might  not  always  be  the  same  as 
the  design  goals. 

L __J! ^ 
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When  developing  a time-phased  estimate,  the  expected  rate  of  maturity 
must  be  considered,  as  well  as  the  rate  at  which  new  combat  vehicles  will  be  added  to  the 
fleet.  Different  rates  of  maturity  are  particularly  significant  when  comparing 
alternatives  that  differ  markedly  in  their  use  of  common  subsystems,  in  the  efforts 
devoted  to  finding  and  correcting  design  or  support  system  weaknesses,  in  the  support 
strategies  for  the  early  years  in  the  systems'  lives,  and  in  the  rates  at  which  operating 
experience  is  gained. 

d.  Personnel  Costs 

Military  and  civilian  personnel  costs  are  the  largest  component  of 
combat  vehicle  O&S  costs.  The  treatment  of  these  personnel  costs  is  therefore  central  to 
the  DSARC  decision  process.  When  conducting  O&S  cost  emalyses  for  DSARC/CAIG 
review,  the  Military  Departments  will  use  the  military  and  civilian  personnel  pay  and 
allowances  rates  published  in  DoD's  Five  Year  Defense  Plan  (FYDP)  for  estimating  the 
costs  of  manpower  (retirement  costs  are  excluded).  For  example,  if  the  analysis  is  to  be 
done  in  constant  FY  77  dollars,  the  January  FYDP  pay  rates  will  be  used. 

In  addition  to  the  above  standard  personnel  cost  perspective,  there  are 
times  when  the  use  of  marginal  economic  costs  of  military  and  civilian  personnel  are 
relevant  to  the  DSARC/CAIG  review.  Examples  are:  selected  capital-labor  trade-offs 
and  organic  versus  contractor  repair  comparisons,  in  which  retirement  cost  considerations 

r 

[ are  relevant.  In  those  cases,  and  in  response  to  a specific  request  by  the  CAIG,  the 

Military  Departments  will  submit  separate  cost  analyses  reflecting  the  pertinent  personnel 
economic  costs. 

I e.  Capital  Investment  Lead  Time  Considerations 

I "■  " " 

I Requirements  for  support  investment  items  (e.g.,  support  equipment, 

i 

I facilities,  reparable  spares)  are  determined  by  the  mission  scenario,  buildup  schedule, 

1.  workload,  etc.  When  these  requirements  are  interpreted  in  terms  of  budget 

[ 

appropriations,  explicit  procurement  lead  time  allowances  must  be  incorporated. 
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For  the  constant  year  dollar  estimates  called  for  in  these  guidelines,  the 
aggregated  sum  of  the  support  investments  will  be  the  same,  regardless  of  whether  or  not 
lead  time  allowances  are  incorporated.  Presentations  of  time-phased  costs,  even  in 
constant  year  dollars,  are  nevertheless  sensitive  to  lead  time  assumptions.  The  time- 
phased  cost  estimates  should  be  reflected  for  those  years  when  the  appropriation  would 
most  likely  be  made. 

8.  Estimating  and  Evaluating  Relevant  Costs 

The  analysis  of  O&S  costs  during  the  DSARC  review  is  vital  to  the  selection, 
improvement,  and  control  of  design,  development,  and  support  concepts  for  the  proposed 
weapon  system.  The  purposes  of  the  03cS  cost  analyses  recommended  here  are:  first,  to 
explore  and  quantify  the  relative  advantages  of  different  concepts  (for  example,  the 
comparison  of  new  and  old  systems,  alternative  support  policies,  etc.),  and,  second,  to 
provide  a means  of  estimating  the  impact  of  O&S  costs  upon  affordability  and  force 
structure  planning  (e.g.,  the  F&FP,  POM,  FYDP  and  EPA  process).  A fundamental 
consideration  in  the  DSARC  process  is  that  the  proposed  combat  vehicle  system  satisfy  its 
mission  requirements  at  the  lowest  O&S  costs  commensurate  with  overall  minimization  of 
LCC.  DoD  policy  requires  analysis  of  outyear  costs  during  development,  design,  and 
procurement,  with  the  objective  of  reducing  future  allocations  for  such  operation  and 
support. 
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1 The  cost  analysis  and  its  formulation  (e.g.,  parametrics,  scaling,  etc.),  needed 

( 

t 

; for  a specific  program  review  will  depend  on  the  combat  vehicle  class,  the  stage  of  the 

[ acquisition  program,  and  the  issues  concerning  the  DSARC.  Several  types  of  analysis  are 

* 

frequently  required. 

a.  Cost  Analysis 

Cost  analysis  is  used  to  determine  the  full  set  of  relevant  variable  costs 
and  how  they  compare  between  the  reference  system  and  program  alternatives.  The 
analysis  places  the  cost  estimate(s)  in  perspective,  and  explains  why  the  proposed  combat 
vehicle  is  expected  to  require  the  O&S  resources  estimated. 
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b.  Trade-off  Analyses 

Trade-off  analyses  are  used  to  explore  cause-effect  relationships 
between  costs  and  changes  in  design  or  support  concepts.  A special  kind  of  trade-off 
analysis,  maintenance  support  requirements  (MSR)  analysis,  is  recommended  here.  MSR 
analyses  are  directed  towards  such  issues  as  the  effect  of  design  characteristics  and 
support  policies  on  maintenance  costs.  They  are  frequently  significant  in  the  selection  of 
subsystems,  evaluation  of  support  policies,  and  establishment  of  O&S  goals.  Section  V of 
this  report  is  devoted  to  MSR  analysis  and  its  relationship  to  total  system  O&S  cost 
analysis. 

c.  Sensitivity  Analysis 

Sensitivity  analysis  is  used  to  identify  aspects  of  the  acquisition  program 
important  in  controlling  O&S  costs.  It  can  influence  such  activities  as  establishing  O&S 
goals  and  determining  test  and  evaluation  requirements. 

A special  case  of  sensitivity  analysis  is  the  assessment  of  demand-driven 
uncertainty.  Such  analyses  explore  the  impact  on  O&S  costs  of  varying  the  assumptions  of 
a cost  estimate,  the  characteristics  of  the  combat  vehicle,  or  the  support  policies,  over  a 
range  of  likely  values.  Technical  uncertainties  are  often  analyzed  in  this  manner. 

d.  Statistical  and  Budget  Uncertainty  Analysis 

Statistical  and  budget  uncertainty  analysis  is  used  to  interpret  and 
present  the  uncertainties  inherent  in  the  particular  cost  model  and  its  application 
(technical,  demand,  statistical  and  budget  assumptions),  and  their  meaning  for  the 
program  budget. 

e.  Trend  Analysis 

Trend  analysis  is  used  to  compare  the  proposed  combat  vehicle  with  its 
historical  counterparts.  Of  particular  interest  are:  comparisons  of  hardware  subsystems, 
design  characteristics,  and  support  policies  and  procedures  that  have  historically 
dominated  O&S  costs;  extent  of  departure  from  historical  practices;  and  actions  planned 
to  reduce  the  consumption  of  O&S  resources.  Historical  trends  for  the  combat  vehicle 


22 


class  (including  the  reference  system)  can  be  used  to  establish  O&S  bounds  and  goals  for 
selected  characteristics  of  the  proposed  system.  For  each  significant  cost  element,  the 
principal  cost  drivers  can  be  classified  by: 
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- Hardware  subsystems  (e.g.,  ballistic  hull,  propulsion,  communications, 
etc.) 

- Design  characteristics  of  the  subsystems  (e.g.,  limited  modularity, 
poor  fault  diagnosis  accurancy,  etc.) 

- Support  policy  and  procedures  (e.g.,  level  of  repair  decision, 
contractor  support,  etc.). 

Each  historical  cost  driver  thus  identified  should  be  accompanied  by  an 
explanation  of  whether  or  not  the  problem  is  expected  to  occur  in  the  proposed  system, 
and  the  actions  necessary  to  control  and/or  reduce  the  future  requirements  for  the 
proposed  combat  vehicle.  The  trend  and  cost  minimization  analysis  can  then  be  used  to 
establish  bounds  within  which  the  characteristics  of  the  proposed  system  would  be 
considered  normal,  and  to  establish  goals  for  reduction  of  O&S  requirements. 

9.  Recognizing  Uncertainty 

Estimates  of  future  combat  vehicle  0<JcS  costs  are  beset  by  uncertainties  from 
many  sources: 

- Quality  Of  data  available 

- Methods  used  to  estimate  costs 

- Decisions  yet  to  be  made  about  design  or  use 

- Changes  in  the  scope  of  the  acquisition  program  (e.g.,  quantities,  costs,  or 
schedule) 

- Technical  or  technological  problems  encountered  during  development 

- Operating  and  support  environment 

- Combat  vehicle  characteristics  that  will  become  evident  only  after  years 
of  operational  experience. 
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No  O&S  cost  analysis  can  consider  all  these  uncertainties.  Nor  does  it  need  to. 

Most  variables  in  an  O&S  cost  estimate  can  be  treated  deterministically,  as  long  as 
assumptions  about  their  values  are  reasonable  and  explicit.  For  example,  the  quantity  of 
combat  vehicles  to  be  operated  is  a variable  with  a significant  impact  on  0<5cS  cost.  Yet, 
unless  quantity  is  the  issue  to  be  decided,  the  quantity  for  the  O&S  cost  estimate  can 
reasonably  be  assumed  to  be  the  same  as  that  stated  in  the  DCP  and  SPDS.  Other  areas 
where  reasonable  assumptions  can  be  treated  deterministically  or  as  a given  are:  mission 
scenario,  deployment  plans,  and  usage  program.  Such  assumptions  must  always  be  stated 
explicitly  in  the  SPDS,  of  course,  and  remain  consistent  (though  not  necessarily  identical) 
across  alternatives. 

Certain  aspects  of  uncertainty  must  be  communicated  to  the  DSARC  under  all 
circumstances.  First,  some  uncertainty  is  inevitably  associated  with  the  O&S  cost  > 

estimate,  even  though  many  of  the  variables  might  be  treated  deterministically,  and  the  i 

results  presented  as  point  estimates.  Several  of  the  illustrative  formats  in  Section  VII  f 

permit  the  presentation  of  a range  for  the  estimate  that  would  show  the  magnitude  of  the 

■ 

uncertainty.  When  a range  is  used,  the  documentation  should  include  an  explanation  of  the  j 

method  used  to  establish  the  bounds  of  the  range.  References  in  Appendix  B discuss  ; 

standard  techniques  for  quantifying  uncertainty  in  cost  estimates.  When  quantification  of  \ 

uncertainty  proves  impractical,  a qualitative  assessment  of  the  estimate  must  be  made. 

Second,  the  DSARC  must  be  apprised  of  the  major  risks  of  the  acquisition 
program,  their  likely  impact  on  O&S  costs,  and  feasible  alternatives  for  reducing  them.  | 

I 

For  example,  an  OicS  cost  estimate  is  frequently  sensitive  to  the  goals  established  for  | 

reliability  and  maintainability  of  the  combat  vehicle  and  selected  critical  subsystems.  If  ] 

.j 

the  fulfillment  of  these  goals  appears  doubtful  during  the  development  phase,  the  cost  .] 

1 

1 

impact  of  poorer  reliability  and  maintainability  should  be  investigated,  and,  if  significant, 

presented  to  the  DSARC.  -1 
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Third,  the  DSARC  needs  to  know  the  effect  of  uncertainty  upon  the  relative 
merits  of  alternatives.  Is  there  so  much  uncertainty  in  the  estimates  that  the  O&S  cost 
differences  between  alternatives  are  masked?  Do  other  reasonable  assumptions  about 
some  variables  change  the  order  of  preference?  If  the  answer  to  either  question  is  "yes," 
then  a specific  sensitivity  analysis  of  the  key  parameters  is  required,  and  the  results 
should  be  discussed  with  the  DSARC. 

10.  Presenting  the  Results 

The  goals  for  cost  presentations  are  twofold:  to  present  timely  and  relevant 
results,  and  to  place  them  in  perspective.  A discussion  of  the  presentation  of  the  relevant 
variable  costs  for  combat  vehicle  systems  is  given  in  Section  VI.  Suggested  formats  are 
shown  in  Section  VII. 

Different  types  of  presentation  may  be  required  to  highlight  the  cost 
consequences  of  various  issues  before  the  DSARC,  such  as  subsystem  trade-offs, 
maintenance  support  analysis,  or  manning  requirements.  The  presentation  requirements 
described  in  Section  VI  should  be  augmented  with  selective  displays  of  the  results  of  cost 
analyses  specifically  requested  by  the  DSARC.  There  must  be  a logical  consistency 
underlying  all  the  presentations  throughout  the  DSARC  process  to  permit  tracking  of  the 
outputs  and  trend  data  generated  in  the  cost  analysis  between  the  decision  milestones. 
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IV.  THE  COST  ELEMENT  STRUCTURE 


A.  INTRODUCTION 

This  standard  cost  element  structure  (CES)  defines  the  06cS  functions  and  resource 
categories  affected  by  the  acquisition  program.  It  promotes  consistency  in  the 
computation  and  display  of  costs,  and  helps  the  DSARC  concentrate  upon  those  decisions 
having  the  greatest  impact  on  future  O&S  resource  needs. 

The  CES  for  combat  vehicle  systems'  SI  and  OicS  costs  is  shown  in  Table  3. 
Definitions  are  given  in  Appendix  A.  Elements  for  investments  to  facilitate  operating  and 
support  are  included.  Most  analyses  that  address  the  O&S  cost  impact  of  alternatives 
must  also  address  their  impact  on  these  support  investment  costs.  With  the  exception  of 
cost  element  202.7  (War  Reserve),  the  support  investment  cost  elements  are  consistent 
with  those  reported  in  the  Selected  Acquisition  Report  (see  DoDI  7000.3),  and  the  Work 
Breakdown  Structures  for  Defense  Materiel  Items  (see  DoDD  5010.20). 

The  structure  is  designed  specifically  for  the  DSARC's  decision  needs  when 
reviewing  combat  vehicle  acquisition  programs,  and  not  for  accounting  purposes. 
However,  the  relevant  variable  costs  defined  yield  useful  information  for  force  structure 
or  budget  analysis. 

B.  SIGNIFICANT  COST  ELEMENTS 

Not  all  cost  elements  require  or  deserve  the  same  attention  when  developing  cost 
estimates  for  a new  combat  vehicle.  The  greatest  analytic  effort  should  be  devoted  to 
those  accounting  for  a substantial  part  of  the  total  SI  and  O&S  costs,  which  can  be 
affected  by  acquisition  program  decisions  or  assist  in  distinguishing  between  alternatives. 
In  the  Support  Investment  category,  the  elements  normally  deserving  the  greatest 
attention  are:  202.1  (Support  Equipment),  and  202.4  (Initial  Spares  and  Repair  Parts).  In 
the  Operating  and  Support  category,  the  significant  cost  elements  are  normally:  301.1 


I 
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TABLE  3 


COMBAT  VEHICLE  CCS7  ELEMENT  STRUCTURE 


100 

Research  and  Development 

200 

Investment 

201 

Svstem  Investment 

202 

Supoort  Investment 

232.1 

Support  Equipment 

202.2 

Training  Equipment  and  Services 

202.3 

Documentation 

202.4 

Initial  Soares  and  Rt-oair  Parts  (Includes  Scare  Engines) 

2C2.5 

Facilities  (Non-Production) 

202.6 

War  Reserve  Materiel 

202.6.1  Spares 

202.6.2  Repair  Parts 

202.6.3  Munitions 

202.6.4  Missiles 

202.6.5  Adapter  Kits 

300 

Operating  and  Support 

301 

Deployed  Unit  Operations 

301.1 

Crews 

301.2 

Command  Staff 

u01*3 

POL 

301.4 

Security 

301.5 

Other  Deoloyed  Manpower  (Non-Maintenance) 

301.6 

Persormei  Support 

302 

Below  Deoot  Maintenance 

302.1 

Maintenance  Manpower 

302.2 

Ordnance  Maintenance  Manpower 

302.3 

Maintenance  Materiel 

302.4 

Personnel  Support 

303 

Lhstallations  Suooort 

1 

303.1 

Ease  Operating  Support 

9 

303.2 

Real  Property  Maintenance 

9 

303.3 

Personnel  Support 

3 

304 

Depot  Maintenance 

: 

304.1 

Manpower 

i 

304.2 

Materiel 

i 

305 

Depot  Supoly 

•j 

305.1 

Materiel  Distribution 

305.2 

Materiel  Management 

1 

305.3 

Technical  Support 

N 

306 

Second  DesiLCiticn  Transportation 

306.1 

Svstem 

1 

306.2 

Repiir  Parts 

\ 

307 

Personnel  Suroort  smd  Training 

307.1 

Individual  Training 

307.2 

Health  Care 

307.3 

Personnel  .Activities 

307.4 

Personnel  Supper* 

30S 

Sustaining  Investments 

308.1 

Repler.isnment  Soc.-es 

303.2 

Mcdif'  cations 

308.3 

P.enlenish.T.eht  Supoort  Equipment 

308.4 

Training  Cidn.nce 
308.4.1  Munitions 
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(Crews),  301.3  (POL),  302  (Below  Depot  Maintenance),  304  (Depot  Maintenance),  and  308.1 
(Replenishment  Spares). 

Other  cost  elements  not  pertinent  to  distinguishing  between  alternatives  can  usually 
be  addressed  in  a straightforward  manner  with  planning  factors.  For  example,  cost 
element  303  (Installations  Support)  is  included  in  the  structure  to  provide  the  DSARC  with 
an  appreciation  of  the  full  variable  O&S  costs  of  operating  the  combat  vehicle  in  a 
tactical  unit.  However,  the  magnitude  of  Installations  Support  costs  is  usually  more  a 
function  of  the  Military  Department’s  doctrine  for  organization  and  operation  than  a 
function  of  combat  vehicle  characteristics.  The  same  guidance  applies  to  307.2  (Health 
Care).  For  the  non-significant  cost  elements,  planning  factors  should  be  used,  unless 
alternatives  need  to  be  compared  in  greater  detail. 

C.  COST  ESTIMATE  COVERAGE 

The  CES  leaves  open  the  choice  of  whether  the  cost  estimate  should  be  for  a single 
combat  vehicle,  a deployable  unit  (e.g.,  division,  battalion,  or  company),  or  the  total  fleet. 
In  most  cases,  the  choice  will  be  the  deployable  unit  or  fleet.  Decisions  on  affordability 
or  budget  impact  require  visibility  of  total  fleet  costs,  time-phased  over  the  expected  life 
of  the  weapon  system.  Decisions  between  design  or  support  alternatives  require  visibility 
of  their  relative  impact  on  the  O&S  costs  of  a typical  deployable  unit. 

Table  4 presents  guidance  for  selecting  and  interpreting  the  cost  elements  to  be 
included  in  SI  and  O&S  cost  estimates  for  a single  combat  vehicle,  a deployable  unit,  or  a 
fleet  of  combat  vehicles.  As  a matter  of  convention,  single  combat  vehicle  costs  will 
include  only  those  costs  likely  to  be  incurred  when  adding  one  more  combat  vehicle  to  a 
deployable  unit.  Deployable  unit  costs  will  include  all  variable  costs  for  operating  and 
supporting  a typical,  tactical  organization  equipped  with  the  proposed  combat  vehicle. 
The  typical  unit,  either  real  or  hypothetical,  shall  be  one  that  best  represents  the  O&S 
cost  impact  of  tactical  deployment  of  the  combat  vehicle.  Fleet  costs  include  all  relevant 
variable  costs  that  are  attributable  to  the  weapon  system  by  the  cost  structure  in  Table  3. 


SI  and  O&S 
Cost  Elements 

Single 

Combat 

Vehicle 

Deployable 

Unit 

Fleet 

202  Support  Investment 

* 

202.1  Support  Equipment 

X 

X 

202.2  Training  Equipment 

and  Services 

X 

202.3  Documentation 

X 

202.4  Initial  Spares 

and  Repair  Parts 

X 

X 

X 

202.5  Facilities 

(Non-Production) 

X 

X 

202.6  War  Reserve  Materiel 

X 

300  Operating  and  Support 

301  Deployed  Unit 

Operations 

X 

X 

X 

302  Below  Depot 

Maintenance 

X 

X 

X 

303  Installation  Support 

X 

X 

304  Depot  Maintenance 

X 

X 

X 

305  Depot  Supply 

X 

306  Second  Destination 

Transportation 

X 

X 

307  Personnel  Support 

and  Training 

X 

X 

308  Sustaining  Investments 

X 

X 

The  costs  of  Support  Equipment  and  Facilities  required  for 
depot  or  fleet  support  are  not  to  be  allocated  to  deployable  units. 


The  O&S  cost  estimates  should  be  based  on  expected  peacetime  deployments  and 
activities,  unless  specified  otherwise  in  the  pre-DSARC  meetings.  The  scenario  that  best 
reflects  the  expected  utilization  and  support  of  the  proposed  combat  vehicle  and 
generates  the  most  likely  SI  and  O&S  resource  requirements  should  be  used,  and  described 
in  the  SPDS. 

D.  COSTS  NOT  INCLUDED  IN  THE  SI  AND  O&S  COST  ANALYSIS 

The  underlying  principle  of  the  cost  analyses  recommended  in  these  guidelines  is  the 
inclusion  of  all  variable  SI  and  O&S  costs  associated  with  the  proposed  weapon  system  that 
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are  relevant  to  the  decisions  made  during  the  DSARC  process.  Some  costs  are  ' 

consequently  excluded, 

I ! 

' 1.  Research  and  Development  i 

This  category  covers  all  RDT<5cE  costs,  including:  research  costs  incurred  in 

i _ _ 

I developing  the  production  design  of  the  new  combat  vehicle,  its  components  and  support 

I 

equipment;  and  costs  associated  with  the  development  and  test  of  the  new  system 
(including  prototype  and  test  vehicle  costs)  through  the  end  of  the  acquisition  process. 

■ 2.  System  Investment 

This  category  includes  all  system  drive-away  costs  and  investment  costs 
(except  those  noted  under  cost  category  202— Support  Investment). 

* 3.  Base  Headquarters  and  Services 

I This  category  includes  costs  of  personnel  and  materiel  primarily  dependent  on 

the  existence  of  the  base;  they  are  considered  to  be  base-fixed  costs,  independent  of  the 
type  of  combat  vehicle  unit  located  there.  Base-fixed  costs  pertain  to: 

Maintenance  and  protection  of  base  facilities,  such  as  buildings,  road 
construction  and  repair,  police  and  fire  protection,  trash  and  sewage 
disposal  and  utility  services 

- Maintenance  of  base  living  conditions  (commissaries,  exchanges,  religious 
activities,  and  sports  and  entertainment  facilities) 

! - Supervision  of  the  above  activities. 

4.  Central  Support  Overhead 

The  pay  of  personnel  assigned  to  Headquarters  organizations  that  provide 
administrative  guidance,  and  oversee  the  operation  of  depot  maintenance,  supply  depots, 
recruiting,  crew  and  technical  training  activities;  and  the  cost  of  upkeep  of  these 
headquarters  facilities,  including  personnel  support  costs,  are  excluded  from  the  O&S  cost 
estimate.  These  Headquarters  activities  include:  Army  Materiel  Development  and 

I ' 
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Readiness  Command,  Air  Force  Logistics  Command,  Naval  Material  Command 
Headquarters,  and  operations  at  the  Service  depot  repair  facilities. 

5.  Command  Structure  Overhead 

The  pay  of  personnel  assigned  to  operating  Headquarters  and  staffs  at  and 
above  the  level  of  the  numbered  Armies,  and  the  cost  of  upkeep  of  these  headquarters 
facilities,  including  personnel  support  costs,  are  excluded  from  the  O&S  cost  estimate. 
Collectively,  Headquarters  directly  supervises  the  operation  of  the  combat  units  and 
provides  overall  policy  formulation  and  administration  for  the  entire  Service. 

6.  Selected  Non-Service  Appropriated  Funds 

The  cost  of  programs,  such  as  family  housing,  not  directly  identifiable  with  a 
specific  Service  appropriation,  is  excluded  from  the  O&S  cost  estimate. 
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V.  MAINTENANCE  SUPPORT  REQUIREMENTS  ANALYSIS 


A.  INTRODUCTION 

The  subset  of  cost  elements  that  represent  the  cost  of  weapon  system  maintenance 
support  requirements  (MSR)  is  especially  important.  MSRs  are  particularly  relevant  to 
design  and  policy  evaluations,  and  to  O&S  cost  estimates.  The  set  of  significant  MSR- 
related  cost  elements  typically  includes: 

202.1  - Support  Equipment 

202.4  - Initial  Spares  and  Repair  Parts 

302.1,2  (5c  3 - Below  Depot  Maintenance  Manpower  and  Materiel 

304.1  (5c  2 - Depot  Maintenance  Manpower  6ind  Materiel 

308.1  - Replenishment  Spares 

Any  other  cost  elements  significantly  affected  by  the  MSR  should  be  incorporated  into  the 
analysis.  Such  elements  as  transportation  or  supply  management  may,  under  certain 
circumstances,  be  relevant  to  a trade-off  analysis. 

B.  OBJECTIVES 

1.  To  state  clearly  the  rationale  for  estimating  the  MSR-related  cost  elements. 
In  other  words,  to  explain  how  the  estimates  for  the  MSR-related  cost  elements  are 
derived  as  a function  of  the  system's  logistics  characteristics  (e.g.,  reliability 
maintainability,  etc.),  and  support  policy. 

2.  To  structure  selected  trade-offs  between  system  design  and  policy  alternatives 
and  0(5cS  costs,  and  to  link  the  results  functionally  to  system-level  0(5cS  cost  impacts.  This 
analysis  is  geared  to  such  questions  as:  "For  a given  capability,  what  alternative  system 
MSRs  will  provide  opportunities  to  reduce  0(5cS  costs,  and  by  how  much?"  and  "What  are 
the  0(5cS  cost  implications  of  using  existing  components  in  the  proposed  weapon  instead  of 
developing  a new  and  unique  component?" 

3.  To  describe  the  link  between  demand-related  maintenance  support  activities 
and  0(5cS  requirements  for  the  total  system.  At  a minimum,  the  MSR  analyses  should: 

- Identify  significant  MSR-related  cost  elements 


I 


33 


Functionally  incorporate  reliability  and  maintainability  characteristics,  and 
support  policies  relevant  to  the  weapon  system 


1 

I 


f- 
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utilize  a pertinent  measure  of  weapon  system  or  subsystem  capability  (e.g., 
availability  rate)  in  comparing  and  trading  off  alternatives 

- Interpret  the  output  of  the  MSR  analysis  in  terms  of  expected  impact  on 
weapon  system  O&S  costs 

- Be  adequately  documented  (the  documentation  is  to  be  available  to  the 
DSARC). 

C.  CATEGORIES  OF  MSRs 

Combat  vehicle  MSRs  can  be  separated  into  two  categories;  system-driven  and 
policy-driven.  System-driven  requirements  can  be  characterized  as  inherent  or  design 
requirements.  Policy-driven  requirements  arise  from  the  user  Military  Department's 
policy  for  deployment  surge  activity  allowance,  personnel  skills,  training,  and  so  on. 
Hardware  designers  can  affect  system-driven  requirements  directly,  but  influence  policy- 
driven  requirements  only  indirectly.  Policy-driven  requirements  are  basically  controlled 
by  the  Military  Departments.  Both  categories  of  combat  vehicle  MSRs  must  be  taken  into 
account  before  realistic  estimates  of  O&S  costs  and  their  impact  can  be  made. 

1.  Computation  of  System-Driven  Requirements 

The  computation  of  MSRs  explicitly  involves  reliability,  maintainability  and 
support  policy-related  variables.  A number  of  different  techniques  will  generally  be 
potentially  applicable  at  any  one  time.  Selection  of  a model  necessarily  depends  upon  the 
situation,  ar^.  ultimately,  upon  the  analyst's  confidence  in  the  chosen  technique.  Several 
criteria  should  be  observed  when  selecting  and  applying  a model  for  estimating  MSRs. 
a.  System  Perspective 

MSR  analysis  of  trade-offs  concerning  subsystems  (communications,  fire 
control,  etc.),  and  components  (radars,  etc.)  generally  reflects  a subset  of  the  weapon 
system  level  requirements.  The  critical  task  is  to  isolate  the  level  of  the  MSR  analysis. 
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and  to  define  the  models,  requirements,  and  input  data,  consistently.  The  ooserved  MSRs 
can  thus  be  attributed  to  the  system,  component,  or  item  of  interest.  Selection  of  the 
appropriate  level  of  analysis  should  be  based  on  the  status  of  the  system  design  and  the 
pending  O&S  cost  issues.  An  illustration  of  MSR  levels  of  analysis,  and  their  hierarchical 
relationships  is  given  in  Figure  3. 

FIGURE  3.  TYPICAL  MSR  FUNCTIONAL  ELEMENT  STRUCTURE 
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b. 


Relevance  to  DSARC  Issue 


The  MSR  analysis  must  fit  the  DSARC  issue  under  investigation.  If 
affordability  is  the  issue,  then  the  MSR  analysis  must  deal  with  all  the  relevant  weapon 
system  MSRs  for  developing  cost  estimates.  If,  on  the  other  hand,  the  issue  is 
improvement  of  a given  design,  then  a MSR  trade-off  model  that  can  distinguish  between 
the  pertinent  alternatives  must  be  used. 

c.  Incorporation  of  the  Right  Variables 

The  MSR  analysis  should  show  functional  relationships  among  the 
variables  relevant  to  the  decision.  An  expression  for  estimating  the  impact  of  a design 
change  on  spares  investment  in  terms  of  weight  and  speed  is  not  particularly  useful,  for 
example.  Weight  and  speed  are  not  pertinent  to  spares  investment  decisions.  An 
appropriate  model  would  explicitly  relate  reliability,  maintainability,  availability  and 
support  policy  to  the  spares  investment.  The  model  must  also  be  susceptible  to 

modification,  so  as  to  deal  only  with  the  pertinent  variables  and  allow  the  others  to  be 
ignored  or  factored  as  constants. 

d.  Satisfaction  of  DSARC  Information  Requirements 

Output  from  the  model  should  address  the  issues  and  alternatives 

directly.  For  example,  if  the  impact  of  a design  or  policy  change  on  organizational-level 

manpower  requirements  is  in  question,  that  specific  impact  should  be  an  output,  and  not 
be  buried  in  a total  manpower  estimate.  The  estimate  of  such  an  impact  should  be 
realistic  and  sufficiently  documented.  A related  issue  is  how  well  the  model  output 
identifies  the  degree  of  certainty  or  uncertainty  inherent  in  the  analysis  and  input  data. 
As  more  information  is  obtained,  the  associated  growth  in  certainty  should  be  explicitly 
reflected. 

e.  Satisfactioii  of  Similarity  Assumptions 

In  order  to  make  projections,  many  models  depend  heavily  upon 

assumptions  requiring  explicit  similarity  between  old  and  new  items.  It  is  vital  to 
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recognize  whether  or  not  such  assumptions  can  be  satisfied.  Analogy,  for  example, 
requires  a direct,  obvious  relationship  between  one  or  more  historical  data  points  and  a 
future  application.  If  such  a relationship  does  not  exist,  then  analogy  is  inappropriate, 
f.  Operational  Feasibility 

Even  if  all  the  above  criteria  are  satisfied,  the  use  of  certain  models  may 
not  be  practical.  Either  the  constraints  must  be  relaxed,  or  different  models  used.  Three 
critical  dimensions  of  operational  feasibility  are  data,  time,  and  level  of  effort.  Some 
detailed  engineering  analyses  and  simulation  models  require  an  extensively  detailed  and 
validated  data  base.  A great  deal  of  time  (e.g.,  several  months)  and  exclusive  use  of 
skilled  personnel  and  computer  resources  may  also  be  needed. 

2.  Adjustment  for  Policy-Driven  Requirements 

Distinguishing  between  design-inherent  requirements  for  maintenance 

resources  and  for  policy-related  personnel  resources  offers  useful  insight  into  the  drivers 

of  weapon  system  O&S  costs.  MSRs  calculated  at  subsystem  or  lower  levels  of  indenture 

are  indicative  of  demand-related  and  design-inherent  requirements.  The  approach 

generally  concentrates  on  direct  maintenance  support  requirements  generated  by  the 

* 

weapon  system  and/or  its  parts.  Consequently,  these  MSR  values  are  usually  less  than  the 
"real-life"  MSR  for  the  weapon. 

To  assess  a reliability,  maintainability  or  support  policy  impact  properly,  the  "basic" 
MSR  model  output  must  be  adjusted  to  reflect  the  most  likely  value  that  would  occur. 
The  process  can  be  understood  as  finking  the  basic  MSR  model  output  with  other  system- 
level  and  management  policy  requirements  to  generate  a system-level  O&S  cost  estimate. 
These  additional  requirements  reflect  the  system's  cemands  for:  servicing;  maintenance 
of  support  equipment,  training  devices,  and  other  system  hardware;  and  overhauls  and 
scheduled  maintenance  not  directly  related  to  reliability.  In  particular,  the  design-related 
maintenance  manpower  requirements  at  the  organizational  and  intermediate  levels  (e.g., 
below  depot  maintenance),  will  be  lower  than  the  actual  manning  levels,  which  will  reflect 
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policy  and  training  considerations.  Such  considerations  include  the  necessity  to  man  to 
accommodate  an  organizational  deployment  or  a surge  in  utilization.  Military  personnel 
assignment  policies  and  limited  ability  to  cross-train  maintenance  personnel  in  multiple 
j skills  also  necessitate  the  calculation  of  whole  quantities  and  associated  costs.  Early  in 

the  DSARC  process,  *a  linkage  between  the  MSR  and  O&S  calculations  should  be 
j established  that  accounts  for  policy  impacts,  yet  does  not  mask  the  effects  of  the 

reliability  and  maintainability  characteristics  of  the  proposed  system. 

D.  INTERPRETATION 

j What  system-level  O&S  cost  impacts  can  be  inferred  from  an  MSR  analysis, 

I 

particularly  an  MSR  trade-off  analysis?  The  issue  is  complex,  and  the  inferences  must  be 
carefully  documented  as  part  of  the  back-up  material  for  the  CAIG. 

When  MSR  results  are  used  to  estimate  certain  cost  elements,  and  when  those 
results  are  used  directly  as  one  of  the  inputs  to  the  system-level  O&S  cost  estimate, 
changes  in  the  MSR  results  can  be  related  directly  to  an  O&S  cost  impact.  This 
interpretation  is  straightforward. 

Generally,  however,  the  interpretation  of  MSR  results  is  more  difficult.  The  initial, 
or  available,  system  0<3cS  cost  estimate  is  usually  derived  from  an  entirely  separate 
analysis,  which  could  have  utilized  comptroller  data,  parametric  relationships,  scaling, 
cost  factors,  etc.  These  "top-level"  analyses  may  not  identify  estimates  for  MSR-related 
cost  elements  separately.  It  may  therefore  be  inappropriate  to  say  that  a change  in  the 
estimate  for  a selected  cost  element  based  on  an  MSR  trade-off  analysis  will  in  fact  be 
the  impact  on  future  system-level  OicS  cost.  The  two  numbers  are  the  products  of  two 
different  models  or  analyses.  Still,  they  must  be  based  on  the  same  SPDS,  which  allows 
them  to  be  used  in  the  context  of  the  same  weapon  system. 

The  most  difficult  case  is  estimating  an  06cS  cost  impact  of  an  MSR  trade-off 
analysis  applied  at  a below-system-level  of  assembly.  The  MSR  analysis  necessarily 

i' 
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reflects  the  values  for  the  change  to  that  level  only.  Even  when  the  results  are  fully 
adjusted  for  policy  requirements,  they  are  still  representative  only  of  requirements  at  that 
particular  level.  In  this  case,  the  interpretation  of  the  MSR  trade-off  analysis  must  take 
into  account  the  dual  adjustments  for  the  system  hierarchy  and  the  separate  cost 
estimates.  The  inferred  O&S  cost  impact  attributable  to  the  MSR  trade-off  must  be 
explicitly  qualified  £uid  clearly  documented. 


VI.  PRESENTATION  REQUIREMENTS.  FORMATS  AND  DOCUMENTATION 


A.  INTRODUCTION 

This  section  describes  the  SI  and  0<5cS  cost  information  needed  by  the  DSARC  for 
review  of  a combat  vehicle  acquisition  program.  The  presentation  requirements  described 
below  are  guidance;  they  represent  expected  information  needs.  They  in  no  way  limit  the 
use  of  imagination  and  good  judgment  in  presenting  additional  cost  information  relevant  to 
acquisition  program  decisions. 

B.  TAILORING  THE  ANALYSIS  AND  PRESENTATION 

The  presentation  of  SI  and  O&S  cost  analyses  must  be  tailored  to  the  phase  of  the 
acquisition  program  and  the  cost  issues  involved.  As  a program  progresses  from  concept 
formulation  through  each  DSARC  decision  milestone,  the  issues  change,  and  both  the 
uncertainties  involved  in  SI  and  O&S  cost  estimation  and  the  opportunities  to  affect  those 
costs  diminish.  Consequently,  the  nature  of  the  DSARC  decisions  and  the  related  cost 
analyses  will  change  as  the  design  progresses. 

Prior  to  each  DSARC  review,  the  proponent  of  the  program  and  the  Chairman  of  the 
CAIG  should  agree  upon  the  specific  composition  of,  and  ground  rules  for,  cost 
presentations.  Depending  on  the  phase  of  the  program  and  the  specific  issues  involved, 
the  cost  analysis  might  address  (singly  or  collectively)  alternative  weapon  systems, 
subsystems,  or  support  plans.  Interest  frequently  will  focus  on  the  sensitivity  of  certain 
costs  to  the  goals  established  for  mission  performance  and  support  of  the  combat  vehicle, 
also. 


C.  OBJECTIVES  OF  THE  COST  ANALYSIS 


Although  each  cost  analysis  and  its  format  must  be  tailored  to  the  decisions  at  hand, 
it  should  always: 

- Define  each  alternative 

- Identify  differences  between  alternatives 
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- Show  cost  impacts  of  the  differences,  taking  uncertainty  into  account 

- Explain  the  rationale  of  the  cost  analysis  (assumptions,  limitations,  methods  and 
data)  and  note  any  deviations  from  the  guidelines 

- Relate  the  results  to  decisions  being  considered  by  the  DSARC. 

D.  COST  SUMMARY  REQUIREMENTS 

The  results  of  the  analysis  should  be  presented  in  summary  form  to  direct  the 
attention  of  the  DSARC  principals  and  other  senior  DoD  officials  to  the  SI  and  0<5cS  cost 
impacts  of  the  decisions  they  are  considering.  The  summary  is  a concise,  results-oriented 
presentation  of  the  key  points  of  the  cost  analysis  including: 

1.  Time-Phased  SI  and  0«JcS  Cost  Estimates  for  the  Proposed  System  by  Cost 


2. 


Element 

- Format: 

Table 

- Rows: 

SI  and  0<5cS  costs  of  the  combat  vehicle  fleet 

- Columns: 

Fiscal  years  covering  the  point  from  which  appropriations  for 
support  investment  items  are  made,  and  the  operational  life  of 
the  combat  vehicle 

- Entries: 

a. 

Constant  year  dollars,  as  per  the  convention  noted  in 
III.C.7.b. 

b. 

Total  number  of  combat  vehicles  in  deployable  units  and 
training  units  by  fiscal  year 

c. 

Uncertainty  range  indicated  for  all  column  cost  totals 

Time-Phased 

SI 

and  0<5cS  Cost  Estimates  for  the  Proposed  System  by 

Appropriation 

- Format: 

- Rows: 


Table 

Major  or  Prime  Appropriations,  as  defined  in  DOD-7110-1-M, 
and  applicable  to  the  cost  analysis 


Columns:  Fiscal  years  coyering  the  point  from  which  appropriations  for 

support  inyestment  items  are  made,  and  the  operational  life  of 
the  combat  yehicle 

Entries:  Constant  year  dollars,  as  per  the  convention  noted  in  III.C.7.b. 

(Note:  The  sum  of  this  matrix  must  equal  the  total  in  the  above 
time-phased  dost  matrix.  Appropriate  adjustments  for 
personnel  budget  costs  versus  economic  costs,  and 
considerations  for  the  lead  time  allowances  for  capital 
investments  as  well  (e.g.,  support  equipment,  spares,  etc.),  must 
be  documented.) 
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Total  SI  and  O&S  Cost  for  the  Proposed  System  by  Selected  Subsystem 

- Format:  Table 

- Rows:  Significant  cost  elements  from  Table  3 

- Columns:  Subsystems  defined  in  MIL  STD  881,  or  others  of  specific 

interest  to  the  DSARC 


- Entries:  Constant  year  dollars  accumulated  over  the  operational  life  of 

the  weapon  system,  with  an  uncertainty  range  indicated  for 
each  column  total 

4.  Comparison  of  the  Annual  O&S  Costs  of  the  Proposed  System  at  Maturity  with 
the  O&S  Costs  of  the  Reference  System,  and  the  Estimate  by  the  Independent 
Cost  Analysis  Group 

- Format:  Table 

- Rows:  O&S  cost  elements  listed  in  Table  3 

- Columns:  Reference  System,  Proposed— Baseline,  Proposed— Current,  and 

Proposed— Independent  (Note:  The  baseline  and  current 

estimates  are  the  same  at  Milestone  I;  at  subsequent 
presentations  the  baseline  becomes  the  Milestone  I estimate, 
and  the  current  estimate  is  the  latest  estimate.) 


- Entries:  a.  Constant  year  dollars  (as  per  the  convention  noted  in 

III.C.T.b.  for  a deployable  unit.  (Note:  Clearly  indicate  if 
the  reference  and  proposed  combat  vehicle  have  different 
deployment  concepts.) 

b.  Uncertainty  range  indicated  for  each  column  total  (Note: 
The  cost  estimates  for  the  reference  system  are 
normative  costs;  that  is,  the  costs  the  system  would  most 
likely  require  if  it  were  used  to  perform  the  mission  under 
consideration.  As  part  of  the  documentation  for  these 
cost  estimates,  the  historical  costs  for  the  reference 
system  must  be  identified  in  the  back-up  material.) 


Comparison  of  Life  Cycle  Support  Investment  Costs  of  the  Proposed  System 
with  the  SI  Costs  of  the  Reference  System,  and  the  Estimate  by  the 
Independent  Cost  Analysis  Group 


- Format:  Table 


- Rows:  SI  cost  elements  listed  in  Table  3 


- Columns:  Reference  System,  Proposed— Baseline,  Proposed— Current,  and 

Proposed— Independent  (See  Note  on  above  item  #4.) 
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- Entries:  a.  Constant  year  dollars  (as  per  the  convention  noted  in 

III.C.7.b.  for  an  equivalent  fleet  size  for  both  reference 
and  proposed  combat  vehicle 

b.  Uncertainty  range  for  each  column  total 

6.  Comparison  of  Historical  Trends  for  the  Combat  Vehicle  Class  and  Goals  of 
the  Proposed  System  for  Selected  Significant  Cost  Elements 

- Format:  Graph 

- Ordinate:  Units  of  the  significant  cost  element  (e.g.,  cost  in  dollars  of 

below  depot  maintenance  manpower,  or  the  number  of  personnel 
for  below  depot  maintenance  manpower) 

- Abscissa:  Units  of  time  (e.g.,  years) 

- Plot:  a.  Historical  trend  data  for  a deployable  unit  of  the  combat 

vehicle  class 

b.  Historical  data  for  the  reference  system  deployable  unit 

c.  Projected  goals  for  the  proposed  system  deployable  unit  at 
maturity 

(Note;  Separate  plots  are  required  for  each  significant  cost 
element  of  interest  to  the  CAIG/DSARC.) 

7.  Historical  O&S  Cost  Drivers  and  Corrective  Actions  for  the  Proposed  System 


- Format: 

Table 

- Rows: 

Selected  Subsystems/Components/Activities  Driving  Costs 

- Columns: 

a. 

Percentage  of  combat  vehicle  maintenance  costs 

b. 

Major  problem(s)  contributing  to  maintenance  costs 

c. 

Cost  reduction  action  planned  for  the  proposed  system 

- Entries: 

a. 

Numerical  percentages  (%) 

b.  Narrative  descriptions  of  problems  and  actions 

8.  Maintenance  Support  Requirements  Analysis  Results  and  Documentation 

For  each  of  the  MSR -related  cost  elements,  a documentation  module  must  be 
submitted  providing: 

- Estimated  value  of  the  cost  element 

- Background  for  the  MSR  analysis 
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- Description  of  how  the  value  of  the  cost  element  was  derived— in 
particular,  interpretation  of  the  MSR  analysis  for  O&S  cost  impacts 

- Record  (narrative  and  mathematical)  of  the  expression  used  to  derive  the 
value  of  the  cost  element 

- Description  of  the  bounds  within  which  the  expression  applies  (pertinent 
assumptions  must  be  discussed  explicitly) 

- Definition  of  each  input  variable 

- Discussion  of  how  individual  values  were  derived  (particularly  reliability 
and  maintainability  measures) 

- Record  of  the  source(s)  and  references  used  in  the  determination  of  input 
variables. 

These  descriptions  can  include  tabular,  mathematical,  or  graphical  data  relationships, 
reflecting  cost  as  a function  of  pertinent  physical,  performance,  and  deployment  data 
from  the  history  of  the  weapon  class  or  the  reference  system. 

9.  Sensitivity  Analysis  and  Documentation 

An  analysis  of  the  sensitivity  of  the  projected  costs  to  all  the  critical 
assumptions  in  the  cost  analysis  is  also  required.  The  presentation  may  be  graphical  or 
tabular,  and  must  cover  the  SI  and  0<5cS  cost  impacts  of  changes  in  the  following  SPDS 
categories: 

- Performance  characteristics/mission  scenario 

- Combat  vehicle  characteristics  . ; 

Deployment  policy  j 

! 

- Acquisition  policy 

- Support  policy 

- Logistics  goals. 

E.  SELECTIVE  COST  ANALYSES  AND  PRESENTATIONS 

Additional  cost  analyses  and  trade-off  studies  expressly  for  the  weapon  system  under 
DSARC  consideration  will  also  be  required.  The  set  of  maintenance  support  requirements 
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trade-offs  will  ordinarily  fall  into  this  category.  Results  for  each  specific  request  must  be 
presented  in  a manner  consistent  with  the  presentation  and  back-up  documentation  called 
for  in  VI.  D. 

c 

F.  COST  ANALYSIS  BACK-UP  MATERIAL 

Complete  documentation  of  the  required  SI  and  O&S  cost  analysis  should  be 
submitted  to  the  CAIG  as  back-up  material.  Other  relevant  back-up  material  should  be 
made  available  to  the  CAIG  upon  request.  The  purpose  of  such  material  is  to  permit  a 
detailed  review  of  the  assumptions,  cost-estimating  methods,  data  sources,  and  rationale 
of  the  analysis;  it  will  therefore  be  organized  for  rapid  examination.  Each  entry  in  the 
0(5cS  cost  presentation  should  be  sufficiently  documented  for  reproduction  by  a competent 
analyst,  using  the  assumptions,  methods  and  data  included  in  the  SPDS  and  back-up 
material.  The  back-up  material  should  also  explain  the  rationale  of  the  cost  estimate. 

Back-up  material  for  the  cost  analysis  ought  to  document  the  development  of  the 
following: 

1.  SPDS  for  the  reference  combat  vehicle,  the  proposed  system,  and  any 
alternative  under  consideration 

2.  Total  SI  costs  of  the  reference  system,  the  proposed  combat  vehicle,  and  other 
alternatives  considered.  (Using  the  same  SPDS,  show  both  the  program  office  estimate 
and  the  independent  estimate,  and  explain  major  differences.) 

3.  Annual  O&S  costs  of  the  reference  combat  vehicle,  the  proposed  system,  and 
alternatives.  (Using  the  same  SPDS,  show  both  the  program  office  estimate  and  the 
independent  estimate.) 

4.  Time-phased  SI  and  0<5cS  costs  for  the  proposed  program  and  alternatives 

5.  Sensitivity  of  the  SI  and  annual  O&S  costs  to  the  combat  vehicle 
characteristics,  support  policies,  or  cost-estimating  assumptions  that  have  the  greatest 
influence  on  costs 
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6.  O&S  cost  trend  analysis  of  the  subsystems,  components,  support  activities  or 
resource  requirements  that  have  historically  accounted  for  the  significant  O&S  costs  of 
combat  vehicles  similar  to  the  type  proposed 

7.  Documentation  of  each  cost  element  estimate,  including: 

- Description  of  derivation 

- Record  (both  narrative  and  mathematical)  of  the  expression  used  to  derive 
its  value 

- Description  of  the  bounds  within  which  the  expression  applies.  (Pertinent 
assumptions  must  be  noted  explicitly.) 

- Definition  of  each  input  variable 

- List  of  values  assigned  to  input  variables 

- Discussion  of  derivation  of  individual  values 

- Record  of  source(s)  and  references  used  in  determining  input  variables. 
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VII.  SELECTED  ILLUSTRATIONS  OF  THE  O&S  COST  ANALYSIS 
AND  REVIEW  PROCESS 


A.  INTRODUCTION 


Sections  I through  VI  of  this  report  recommended  principles  and  standards  for 
preparation  and  presentation  to  the  DSARC  of  estimates  of  O&S  costs  of  combat  vehicle 
systems.  They  described  the  DSARC's  expectations  concerning  an  O&S  cost  analysis  for  a 
proposed  combat  vehicle  acquisition  program. 

Section  VII  explains  the  nature  of  the  O&S  cost  analysis  process,  the  content  of 
typical  DSARC  presentations,  and  the  applicability  of  the  recommended  cost  element 
structure.  Its  principal  messages  are:  tailor  the  O&S  cost  analysis  to  the  acquisition 
program;  clearly  and  concisely  communicate  relevant  results  to  the  DSARC;  and  place 
those  results  in  perspective  so  that  the  DSARC  understands  the  O&S  cost  impact  of 
program  decisions. 

First,  the  importance  of  the  pre-DSARC  meetings  in  defining  the  context  of  the 
O&S  cost  analysis  and  adjusting  it  to  current  acquisition  issues  is  re-emphasized.  Second, 
some  illustrations  of  various  methods  of  presenting  SI  and  O&S  cost  information  to  the 
DSARC  are  given.  They  include  a SPDS,  several  approaches  to  presenting  cost  trend  and 
goal  information,  and  examples  of  SI  and  O&S  cost  estimates.  The  cost  estimates  are 
presented  in  formats  demonstrating  the  use  of  the  cost  element  structure  introduced  in 
Section  IV,  as  well  as  such  concepts  as  the  reference  combat  vehicle,  and  the  baseline, 
current,  and  independent  estimates  for  the  proposed  combat  vehicle.  Several  examples  of 
related  cost  analysis  products  are  provided  to  demonstrate  logical  differences  among 
Military  Departments,  types  of  combat  vehicles,  or  phases  of  the  acquisition  process. 

The  illustrations  are  hypothetical,  though  most  are  based  on  real  issues  and  systems. 
They  are  descriptive  rather  than  prescriptive.  The  cost  analysis  and  its  presentation  must 
always  be  tailored  to  the  issues  under  consideration,  the  stage  of  development  of  the 
weapon  system,  and  the  available  data  and  methods  of  analysis. 
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Section  VII  concludes  with  several  examples  of  micro-analysis.  These  types  of 
analyses— such  as  maintenance  support  requirements  analysis,  sensitivity  analysis,  and 
trade-off  studies— frequently  underlie  many  acquisition  program  decisions.  They  need  be 
presented  to  the  DSARC,  however,  only  upon  request,  or  when  central  to  issues  being 
discussed. 

B.  PRE-DSARC  MEETING  PREPARATION 

While  the  basic  theme  and  objectives  of  each  DSARC  are  the  same,  the  specific 
content  and  formulations  of  the  SI  and  O&S  cost  estimates  required  will  differ.  Pre- 
meeting preparation  is  necessary  to  tailor  the  analysis  to  the  particular  need. 

Well  in  advance  (at  least  60  days)  of  a scheduled  DSARC  meeting,  the  Chairman  of 
the  CAIG,  OSD  program  monitors,  and  the  proponent  of  the  combat  vehicle  acquisition 
program  should  agree  upon  substantive  issues  and  minimum  requirements  for  the  cost 
analysis.  Some  basic  topics  and  issues  which  require  pre-meeting  discussion  and 
agreement  are  given  in  Table  5.  Note  the  differences  between  the  types  of  alternatives 
and  issues  addressed  at  Milestone  I and  at  Milestone  III.  Early  in  the  acquisition  process, 
one  of  several  different  viable  concepts  that  satisfy  a specified  mission  requirement  has 
to  be  chosen.  Later  in  the  acquisition  process,  after  the  range  of  alternative  designs  has 
been  reduced,  minor  configuration  changes,  readiness  of  the  system  for  production,  and 
initial  support  plans  are  important.  Of  course,  at  any  stage  in  the  acquisition  program, 
rescheduling,  delay  or  termination  may  be  considered  a-  program  alternatives. 

C.  SYSTEM  PROGRAM  DEFINITION  STATEMENT  (SPDS) 

The  SPDS  is  an  extension  of  the  DCP,  and  summarizes  the  characteristics  of  the 
combat  vehicle,  and  the  operating  and  support  environment  that  generate  SI  and  O&S 
resource  requirements.  In  effect,  the  SPDS  states  the  premises  of  the  cost  estimate  and 
briefly  describes  the  differences  among  the  reference,  proposed,  and  alternative  systems. 
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TABLE  5.  EXAMPLES  OF  PHE-MEETING  DISCUSSION  TOPICS 


ln”renscfl  Annnniciit  Factors  - Fuiiding  for  Rcllobillty 

Uncurtiiinty  of  Fsliinates  - Uuck-iip  Kngine  Program  Improvement  Program 

Hefcreiice  System  for  - Logistics  Support  Strategies  - Use  of  On-Conditloii 

Stul>iiized  Weapon  System  and  Alternatives  Ovcrimul  for  System 

and  Major  Components 
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Table  6 is  an  outline  of  the  type  of  information  that  should  be  included  in  a typical 
SPDS  for  Milestone  1.  Note  that  the  reference  system  is  also  described.  Specific  content 
will  depend  on  the  stage  of  the  acquisition  program,  the  type  of  combat  vehicle,  and  the 
circumstances  of  its  planned  development,  procurement,  operation  and  support.  The  SPDS 
for  the  proposed  system  is  expected  to  evolve  as  the  combat  vehicle  design  progresses 
through  the  acquisition  process.  The  original  SPDS  should  be  retained,  changes  noted,  and 
details  added  as  uncertainty  about  the  final  design  and  deployment  diminishes.  It  then 
becomes  a record  of  the  program  as  well  as  a description  of  the  current  situation. 

D.  O&S  COST  TRENDS  AND  GOALS 

The  DSARC  wants  every  possible  step  to  be  taken  towards  managing  and  reducing 
future  O&S  costs  for  combat  vehicle  systems  during  the  acquisition  program.  The 
proponent  of  a new  combat  vehicle  must  identify  those  factors  that  historically  have 
accounted  for  the  major  portions  of  03cS  costs  (hardware  or  software  characteristics, 
policies,  and  procedures);  set  program  goals  to  reduce  O&S  costs;  and  specify  program 
actions  to  attain  those  goals.  Characteristics  of,  and  policies  for,  the  proposed  weapon 
system  that  are  different  from  those  for  the  reference  system  and  other  relevant 
historical  counterparts  should  be  highlighted  for  specific  analysis  and  presentation. 

Tables  7 and  8 and  Figure  4 illustrate  several  methods  of  presenting  O&S  cost  trend 
and  goal  infex-mation  to  the  DSARC.  Table  7 illustrates  the  major  O&S  cost  drivers  for 
Army  combat  vehicles.  Such  presentations  help  to  focus  DSARC  attention  on  the 
subsystems  that  have  historically  consumed  the  largest  portions  of  maintenance  resources 
for  combat  vehicles.  Table  8 identifies  the  principal  reasons  why  each  specified  combat 
vehicle  subsystem  has  been  an  O&S  cost  driver,  and  lists  current  actions  in  the  acquisition 
program  to  improve  the  characteristics  of  the  proposed  system  to  reduce  O&S  costs. 

Figure  4 illustrates  a graphical  approach  to  presenting  trend  and  cost-related  goal 
information.  It  shows  the  historical  trend  for  one  of  the  typical  combat  vehicle's  support 
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TABLE  6.  EXAMPLE  OF  A MILESTONE  I SYSTEM  PROGRAM 
DEFINITION  SsTArZMEi^T  (SPDS)  FOR  COMBAT  VEHlCLiiS 


The  proposed  Tank  System  is  a full  tracked  armored  coir.oal  vehicle.  It  is  designed  to  satisfy  the  U.  S.  Army  Main  Battle  Ti.hK 
requirement  during  the  1980's  and  heyond  providing  improved  levels  of  protection,  increased  fi.-e  power  and  mooility  over  :a.nks 
currently  in  the  U.  S.  .Army  inventory. 

The  proposed  Tank  System  will  not  replace  any  existing  tank  family  per  se,  but  will  be  used  to  supplement  the  tank  ir.  'entory  and 
replace  the  reference  tank  in  TOE  units.  The  reference  tank  will  continue  to  operate  in  the  U.  S.  .Army  inventory  within  selected 
TOE,  TDA  and  TA  units. 

.Alternative  tank  systems  for  evaluation  purposes  include  the  XYZ  Corporation  prototype  and  the  .ABC  Corporation  prototype,  the 
reference  system  with  an  improved  fire  control  system  and  increased  horsepower  and  a foreign  tank  developed  by  MPD 
Corporation. 


REFEP.E.VCE  SYSTEM 


PROPOSED  SYSTEM 


A.  MISSIONS 

1.  Primary  To  provide  battlefield  mobile  fire  Same 

power  for  offensive  comoat  com- 
mand and  control 

2.  Seconda.-y  To  provide  rapid  reaction  strategic  Same 

battlefield  mooility  and  reconnais- 
sance 


3.  CHARACTERISTICS 

1.  General 

Weight  (combat  loaded) 

Weight  (less  crew,  fuel 
and  combat  load) 

Unit  Ground  Preserve 

Crew 

Height 

Width 

Length 

Ground  Clearance 
Wheel  Travel 

2.  Performance  Speed 
Speed 

Road 

Cross  Country 
Cruising  Range 

Slope  Operation 
Trench 
Vertical  Wall 
Fordaoility 

Gross  HP  to  Weight  Ratio 

3.  Configuration 

a.  Engine 

Make  3c  Model 

Disolaeement 

Type 

Fuel 

G.-oss  Horespower 


104,000  lbs. 
97,000  lbs. 


13.3 


128  ins. 
144  ins. 
366  ins. 

IS  ins. 
10.1  ins. 


35  MPH 
10  MPH 
250  mi. 


60% 

105  ins. 

35  ins. 

48  ins. 

14.4  HP/Ton 


Continental  .AVDS  1790-2 

1970  cubic  inches 

90'^  air  cooled.  12  cyL,  4 cycle 

Diesel 

730  HP 


116.000  lbs. 

103.000  lbs. 


12.7 


125  ins. 
144  ins. 
366  ins. 
21  ins. 
15  ins. 


45  MPH  Minimum 
50  MPH  Desired 
24  MPH 

300  mi.  Minimum 
350  mi.  Desired 

sons 

105  ins. 

36  i.ns. 

48  i.ns. 

25.3  HP/Tcn 


Two  engine  candidates  are  availaoie. 

(1)  .AVCR  1360.  a 1500  HP  diesel  fueieo, 
air  cooled,  ve.riaole  compression  ratio 
engine,  and  (2)  ACT  1300,  a 1500  tip 
tu.'bine  engine  with  recjperctar.  The 
contractor  may  select  cne  of  these  cr 
any  other  engine  whicn  meets  t.he  needs. 
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TABLE  6.  EXAMPLE  OF  A MILESTONE  I SYSTEM  PROGRAM 


D.  Trarimission 


Make  3c  Model 

ALlison  GM.  CD  350-^ 

The  Allison  XR  1500  is  availaoie.  out 
will  require  adaption  to  either  ermine 
candidate.  The  contractor  may  select 
It  or  any  other  transmission  wnich  meets 
the  needs. 

c. 

Running  Gear 

Suspension  Type 
Springing  Media 
S'umoer  of  Wheeis 
Track  T>pe 
Track  '.Vidth 

Return  Roller 
Torsion  Bar 
6 pairs  leach  side) 

Steel,  Douoie  Pin,  Detachable  PacK 
28  ins. 

The  contractors  are  to  desi^.  the  running 
gear  to  meet  the  needs  of  tneir  svstem. 
within  otner  specified  system  requirements. 

d. 

Elect.-icai  System 

Generator 

■Amperes 

Voltage 

Sattenes 

600  Amperes 
28  VDC 
6TN  (4  each) 

The  contractors  are  to  design  the  electrical 
system  to  meet  the  needs  of  their  system, 
within  other  specified  system  requL"*ments. 

e. 

.Armor 

See  classified  annex  to  t.his  document 

f 

i. 

Armament 

1-105  MM  Gun 
1-Cal.  30  MG,  M37 
1-CaL  30  MG,  M2 
Crew  Weapon 

1-105  .MM  M68  Gun 
1-7.32  MM  Co.  Axial  MG 
1-7.62  MM  Loaders  Weapon 
1-40  M.M  HVGL  Cmdfs.  Weapon 

<• 

Turrent 

Traverse 

Eleviticn 

StaOilizaticn 

Continuoua  360^ 

-6®  • 35° 

Modification  "add-on"  availaoie 

Continuous 
-10^  - 40'=’ 

F'illy  StaPilized 

Munitions  (stowed 

cn-doard) 

See  classified  anne.s 

ta  this  document 

fi. 

Fire  Control  System 

Rangefinder 

Computer 

Telescope 

Penscppe 

Elevation  Quadrant 
Gunner  Quadrant 
Nignt  Vision  Sight 

MKC 

Eallistic  M13A-1D 
M105C 

M27,  M24,  M13,  M31 

'T1 3 A 1 

MlAl 

M36E2 

A single  integrated  system  to  operate  the 
105MM  gun  wnich  allows  both  the  commandi.* 
and  the  gunner  to  aim  and  fire  the  -veaoor. 
Coaxial  weapon  is  slaved  to  the  mam  weapon. 
A special  purpose  computer  is  roquirec  »s 
an  integral  component  to  the  fire  control 
system.  The  computer  may  be  digital  :r 
analog. 

Communication 

.Radio 

A.M/VRC-47  (1  set) 

One  half  of  the  fleet  to  oe  equieped  with 
AN,VRC-12 

interphone 

.A3(/'.TC-1,  with  4 cont.-al  hoxes 

Contractor  to  select  appropriate  intercom 
r/stem.  with  4 control  boxes. 

AC^yUisn 

TC.S  POLICY 

1.  Desi^  to  Cost  Gcal 

none  'unit  cost  S3j2K) 

S535K  Firm  Commitment  for  average  unit 
price  (1975  dollars? 

2.  Sumfi€r  of  Tanxs 

fnomaiized  to  >,312 
deployed  tanKS> 

1. 

0. 

(j. 

Deployed 

Training 

Pipeline 

3,667 

430 

213 

The  same  ceolcyed.  trammg  ind  oiceune 
.atios  will  2poly  for  the  propcsea  tan<  system. 
Ti.me  frame  for  deoioyment  of  the  orooosed 

tank  system  is  isesed  on  tne  foilowinj  ; jnd.r? 
scneCule.  Procjction  follows  fonciog  oy 
12  months. 


"9  90  n - 37  38  TOTAL 
(3TY  110  132  260  - 360  330  3,312 


1 
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TABLE  6.  EXAMPLE  OF  A MILESTONE  I SYSTEM  PROGRAM 
DEFINITION  STATEMExNT  (SPDSrFOR  CU^.IBAT  VEHICLES  (Con tin 


REFERENCE  SYSTEM 


PROPOSED  SYSTEM 


3.  Contract  Commitments  None  Contractor  to  establish  baseUne  and  utilize 

on  Support  Cost  Control  LSAR  system  track  and  report  support  cost 

reduction  achievements.  RIW  options  are 
available  on  selected  components  and  repair 
parts. 

4.  Special  Considerations 
for  Multi  National 
Application 

See  Mam  Battle  Tank  Foreign  .Application  Prepared  by  Department  of  .Army, 

5 .April  1374  and  .NATO  .Agreement  on  Common  Components,  May  1973. 

DEPLOYME.ST  SCHEDULE 

See  Main  Battle  Tank  Distribution/ Redistribution  Plan  (U)  Prepared  by  U.  S.  Army 
Tank  .Automotive  Command  3 February  1977  Classified:  ConfidentiaL 

Operati.ng  and  support  costs  for  baseline  and  proposed  system  are  based  on  deployment  of  1940  tank  systems  to 
Europe  according  to  the  above  plan. 


SUPPORT  CONCEPT 


I,  General 


Standard  4 level  (Org,  Direct, 
General  and  Depot)  maintenance 
concept  defined  and  published 
Maintenance  Allocation  Chart  and 
including  3096  of  available  crew 
manpower  expended  for  scheduled 
service  and  inspections. 


Skill  Requirments 

-Automotive 

Weapon  Station  It  Fire 

Control 


3.  Support  Equipment 

.Automotive 

Weapon  Station  it  Fire 

Control 


Low 

Moderate 


Simole 

Moderately  Complex 


4.  Contractor  Support 


Organizational  Maintenance:  Scheduled 
maintenance  shall  be  conducted  by  the 
crew  and  organizational  .mechanics. 

Vehicle  will  have  built-in  indicators  for 
fuel,  air  and  oil  filters  to  facilitate 
maintenance.  Unscheduled  maintenance 
will  be  limited  to  piece  part  or  component 
replacement.  Design  is  to  allow  90%  of  vehicle 
malfunctions  to  he  detected  and  corrected 
at  this  leveL 

Direction  and  General  Support  Maintenance: 
Maintenance  at  the  DS  level  or  the  vehicle 
is  limited  to  end  item  repair  by  component 
replacement.  In  those  instances  where  diagnostic 
equipment  is  available,  repair  will  be  authorized. 

.At  the  GS  level,  components  and  assemblies 
will  be  repaired  and  returned  to  stock. 


-An  analysis,  comparing  the  MOS's  used  in 
the  reference  tank  system  and  t.hcse  required 
for  the  proposed  tank  system  indicates  no 
need  to  estaolish  new  tioS's  for  the  proposed 
ta.nk  system.  The  same  MOS's  with  transitional 
training  can  qualify  personnel  to  operate 
and  maintain  the  proposed  system. 


Current  assessment  of  t.he  proposed  Tank 
System  design  indicites  a reduction  :n  the 
number  of  special  tools  vis  a vis  those  required 
to  support  the  reference  tank  system.  The 
assessment  also  indicates  that  the  built  in 
test  points  will  reduce  the  reouiremer.t  for 
special  test  equipment.  .A  design  requirement 
calls  for  Uie  elimination  or  reduction  of  calibration 
requirements. 

Limited  contractor  support  will  be  'ised 
during  initial  fielding  of  :he  proposed  T ank 
System.  !t  is  anticipated  that  this  support 
will  not  be  required  after  one  year  of  fielded 
operations. 
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TABLE  6.  EXAMPLE  OF  A MILESTONE  I SYSTEM  PROGRAM 
DEFINITION  STATEMENT' (3PDS)  FOR  CQMBAT  vehicles  (Continued) 


j 


r.  I-Ocisnc  GOALS 

1.  System  Goals 

a.  System  Reliability 

b.  .Mission  Heiiaoillty 

0.  Maintenance  Ratio 

<J.  Operational  Ready 

Rate 

e.  Durability 
(overtiaul  point) 

f.  Average  or?/direot 
maintenance  men 
per  battalion 

2.  Subsystem  Goals 

a.  Power  Package 

Reliability 

Durability 

Mean  Time  to  Reoalr 

b.  Fire  Control  System 

Reliability 

Durability 

Mean  Time  to  Repair 


REFERENCE  SYS-^M 


150  MVBF 
212  MMBF 

1.53 

0.94 


5.D00  .miles 


1.000  MMBF 

4.000  M.MTO 
4 hrs. 


900  MMBF 
9.000  M.MTO 
2 hrs. 


PROPOSED  SYSTEM 


290  MMBF 
DT,  OTII  272  MMBF 
DT.'OT  in  320  M.MBF 
1.25 
0.95 


5.000  miles 
95 


1,500  MMBF 
4.000  M.MTO 
2 hrs. 


1.200  MMBF 
15,000  MMTO 
1.2  hrs. 


TABLE  7.  COMBAT  VEHICLE  MAINTENANCE  COST  DRIVERS 


(Unscheduled  Activities  Only) 

% of  Total 
% of  Total  Maintenance 

System/Component/Activity  SystemFailure  Man-Hours 

% of  Direct 
Maintenance  Cost 
(Parts  and  Labor) 

Armament  <5c  Fire  Control 

32 

36 

35 

Track  and  Suspension 

30 

29 

48 

Track  Shoe 

74 

38 

87 

Road  Wheel 

5 

16 

6 

Sprocket 

2 

11 

3 

Electrical  (automotive) 

20 

14 

4 

Engine 

5 

8 

10 

TABLE  8.  FAILURE  MODES  AND  PLANNED  CORRECTIVE  ACTION 

TO  REDU'CE  O&S  dUSTS 


Combet  Vehicle 
Subs'/stem/Comoonent 

Major  Historical 
Contributors  to  OJcS  Costs 

Proposed  System 
Cost  Reduction  Actions 

Oil  and  Air  Filters 

Mileage  and  time  related  replacement 
schedule 

On-condition  replacement  using  a demand 
change  indicator 

Final  Drive  Unit 

Oil  Leakage  which  typically  results 
in  internal  failure 

Use  of  improved  oil  seals  in  stronger  support 
structures 

Voltage  Generator  and 
Regulator 

High  mortality  items  with  numerous 
failure  modes 

Use  of  alternator  with  higner  output  margin 
and  a solid  state  regulator 

Drive  Sprocket  Wheel 

High  maintenance  item  with  average 
life  of  2,500  miles 

Improved  sprocket/track  engagement/disen- 
gagement 

Electrical  Harne-a 

High  maintenance  item  requiring 
considerable  disassembly  of  vehicle  for 
repairs 

A modular  wiring  harness  with  improved 
connectors  is  being  used 

Track 

High  mortality  of  track  caused  by 
bonded  on  rubber  grousers  ard  linkage 
pin  failure 

A track  design  with  removable  rubber  pads 
and  improved  linkage  pins  will  be  used 
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FIGURE  4.  HISTORICAL  TRENDS  FOR  THE  COMBAT  VEHICLE 

M Aiyi  TEN  AN  C E M An' PO  tvTR 

(Hypothetical) 


^Rel«venc  Uiatorlcal 
Trend  Line  for  the 
Combat  Vehicle  Class 


"“"•Rjference 
Combat  Vehicle 


Proposed 
Combat  Vehicle 
Goal  at 
Maturity 


characteristics  (the  number  of  organizational  maintenance  personnel),  the  performance  of 
the  reference  system  with  respect  to  that  trend,  and  the  goal  for  the  proposed  system  at 
maturity.  As  the  acquisition  program  progresses,  the  trend  and  goal  information  must  be 
supplemented  with  information  concerning  progress  towards  established  goals. 

E.  SYSTEM-LEVEL  COST  ESTIMATES 


The  estimate  of  system-level  O&S  costs  is  a principal  product  of  an  O&S  cost 
analysis.  These  estimates  must  be  tailored  to  identify  the  0«5cS  resource  requirements  for 
the  proposed  system,  and  to  highlight  the  characteristics  of  the  system  relevant  to 
DSARC  issues.  Tables  9 and  10,  respectively,  display  SI  and  O&S  costs  using  the  cost 
element  structure  presented  earlier.  The  costs  were  developed  for  a hypothetic  Army 
combat  vehicle  at  Milestone  II. 
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TABLE  9.  FLEET  TOTAL  SUPPORT  INVESTMENT  COSTS 
(Millions  of  FY  75  Dollars) 

(For  a Hypothetical  Combat  Tank  at  Milestone  II) 


Cost  Element 

Reference 

Tank 

System 

Proposed  Tank  Systems 

Baseline 

Current 

Estimate 

Independent 

Estimate 

202.1 

Support  Equipment 

17.54 

15.00 

14.99 

14.50 

202.2 

Training  Equipment 

17.82 

18.25 

19.37 

20.50 

202.3 

Documentation 

18.29 

18.50 

18.50 

18.25 

202.4 

Initial  Spares  & Repair  Parts 

125.27 

125.00 

137.57 

131.50 

202.5 

Facilities  (Non-Production) 

- 

- 

- 

202.6 

War  Reserve 

78.46 

85.00 

90.50 

92.10 

202 

SUPPORT  INVESTMENT 

257.38 

261.75 

280.93 

276.85 

Uncertainty  Range 

+5% 

+20% 

+15% 

+18% 

The  first  column  of  cost  information  in  Tables  9 and  10  is  for  the  reference  system, 
which  is  defined  as  an  existing  system  that  either  does,  or  could,  perform  the  same 
general  mission  as  the  proposed  combat  vehicle  and/or  has  the  same  general  performance 
characteristics.  The  costs  for  the  reference  system,  although  based  on  historical 
experience,  are  normative  costs.  They  reflect  what  the  resource  needs  of  the  reference 
system  should  be  to  satisfy  the  mission  postulated  for  the  proposed  combat  vehicle.  The 
back-up  material  must  include  historical  costs  of  the  reference  system,  with  an 
explanation  of  the  adjustments  made  to  derive  the  normative  estimate. 

Three  cost  estimates  are  shown  for  the  proposed  program.  The  first,  labeled 
"baseline,"  is  the  original  estimate  presented  to  the  DSARC  at  program  initiation 
(Milestone  I).  At  each  subsequent  0<5cS  cost  presentation,  the  original  estimate  should  be 
converted  to  the  dollar  base  being  used  for  the  current  estimate  and  resubmitted  as  a 
point  of  reference.  The  second  estimate,  labeled  "current,"  is  the  system  program 
manager's  most  recent  cost  estimate.  Any  major  differences  between  it  and  the  baseline 
must  be  explicitly  annotated  to  explain  the  cause  of  the  change  (e.g.,  change  in  SPDS, 


TABLE  10.  ANNUAL  DEPLOYABLE  UNIT^^^  OPERATING  3c  SUPPORT  COSTS 

(Millions  of  FY  75  Dollars) 

(For  a Hypothetic  Combat  Tank  System  at  Milestone  II) 


Cost  Elements 


301  DEPLOYED  UNIT  OPERATIONS 

301.1  Tank  Crews 

301.2  Command  Staff 

301.3  POL 

301.4  Security 

301.5  Other  Deployed  Manpower  (Non  Maintenance) 
301.8  Personnel  Support 

302  BELOW  DEPOT  MAINTENANCE 

302.1  Automotive  Maintenance  Manpower 

302.2  Ordnance  Maintenance  Manpower 

302.3  Maintenance  Materiel 

302.4  Personnel  Support 

303  INSTALLATIONS  SUPPORT 

303.1  Base  Operating  Support 

333.2  Real  Property  Maintenance 

303.3  Personnel  Support 

304  DEPOT  M.4LNTENANCE 

304.1  Manpower 

304.2  Materiel 

305  DEPOT  SUPPLY 

305 . 1 Materiel  Distribution 

305.2  Materiel  Management 

305.3  Tecnnical  Support 

306  SECOND  DESTINATION  TRANSPORTATION 

306.1  Tank  System 

306.2  Repair  Parts 

307  PERSONNEL  SUPPORT  .4ND  TR.AINING 

307.1  Individual  Training 

307.2  Health  Care 

307.3  Personnel  Activities 

307.4  Personnel  Support 

308  SUST.4INING  INVESTMENTS 

308.1  Replenishment  Spares 

308.2  Modifications 

308.3  Replenishment  Support  Equipment 

308.4  Training  Ordnance 

308.4.1  Munitions 

300  TOT.\L  OPERATING  i SUPPORT  COSTS 
UNCERT.4INTY  RA.VGE  (4) 


deployed  'jnit  nas  54  tanx  systems. 

Estimates  normalized  to  1940  deployed  systems  operating  for  a 20  year  life  cycle. 
Estimates  are  for  mature  fleet. 

See  uncertainty  analysis  for  rationale  & support. 

Data  available  does  not  permit  automotive  i ordnance  maintenance  cost  separation. 


2.002 

2.002 

2.002 

2.502 

2.502 

2.502 

.100 

.103 

.110 

.401 

.401 

.401 

.140 

.144 

.154 

.075 

.077 

.081 

.640 

.650 

.668 

.899 

.899 

.899 

.019 

.019 

.019 

.401 

.403 

.411 

.800 

.805 

.812 

.495 

.499 

.501 

.225 

.234 

.235 

.210 

.216 

.217 

.013 

.013 

.013 

.063 

.063 

.063 

1.037 

1.037 

1.031 

.021 

.021 

.020 

.060 

.063 

.064 

.010 

.014 

.009 

.010 

.011 

.012 

2.100 

2.044 

2.391 

12.227 

12.225 

12.621 

+ 10% 

*3.25% 

-7.35% 

*12% 

data,  or  different  cost-estimating'  method).  The  third  estimate,  labeled  ''independent,"  is 
the  one  developed  by  the  Service  independent  cost  analysis  group.  Any  major  differences 
between  it  and  the  current  estimate  also  must  be  e.xplained. 

Table  11  provides  the  time-phased  SI  and  0<JcS  costs  for  the  proposed  combat 
vehicle.  This  presentation  is  useful  to  establish  the  long-term  resource  requirements  for 
the  proposed  system,  and  c£in  also  be  used  as  an  input  to  the  Force  Structure  Impact 
Analysis. 


TABLE  11.  TIME-PHASED  SUPPORT  INVESTMENT  AND 
OPER.VTllf^G  & SUPPORT  cusi's 

(Millions  of  FY  75  DoUars) 

(For  a Hypothetical  Tank  at  Milestone  II ) 


FY  80 

FY  81 

FY  82 

FY  83 

FY  84 

FY  85 

FY  86 

FY  87 

'IBEH 

Number  of  Tanks 

■ 

• 

1 

O«ploy«d  Systems  (CUM) 

44 

240 

595 

835 

1,177 

1,374 

1,374 

Average  of  1,350 

1,374  1 

Training  Systems  (CUM) 

48 

212 

566 

566 

566 

566 

566 

Average  of  366 

566 

Total  Systems 

92 

452 

1,161 

1,940 

1,340 
1 

Prooosod  Sv5tem 

■ 

Support  Investment 

26.0 

10.6 

9.5 

124.7 

270.9 

04S 

H 

9.8 

121.6 

254.2 

590.5 

7,676.9 

8,787.0 

Total 

29.3 

26.5 

35.8 

80.5 

87.5 

132.3 

263.8 

600.1 



7,801.6 

9,057.9 

1 

Assumptions  about  the  leab-time  allowances  for  capital  investment  of  Support  Equipment  Spares,  etc.,  and  the  system  maturation  process 
mijst  be  documented  in  the  back-up  material. 

XOTES:  (1)  Fleet  failure  rate  stabilizes  in  FY  87. 

(2)  20Sb  of  deployed  fleet  overhauled  per  year  after  FY  87. 


Table  12  provides  a mere  detailed  breakout  of  the  annual  maintenance  costs  of  both 
the  reference  and  proposed  systems.  In  this  presentation,  selected  subsystems  have  been 
identified  and  their  associated  maintenance  costs  'oroken  out.  This  kind  of  display  is  often 
useful  to  indicate  subsystem  OocS  cost  visibility,  and  to  identify  any  questionable  trends. 
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TABLE  12.  COMPARISON  OF  ANNUAL  COSTS  OF  COMBAT  TANK 
MaI.N’YT;~\NC£  FOR  SELECTED  SUBSYStri.M'S 

(Thousands  of  FY  75  Dollars  per  Tank) 

(For  a Hypothetical  Tank  at  Milestone  n) 


Cost  Elements 

1 

Reference  System 

Proposed  System* 

Below  Depot  Maintenance 

51.62 

53.02 

Scheduled 

4.79 

3.12 

Unscheduled 

46.83 

49.9 

Chassis 

4.1 

4.8 

Track  ic  Suspension 

18.7 

14.5 

Power  Package 

7.3 

9.8 

Fire  Control 

13.9 

15.7 

Ballistic  Computer 

4.17 

5.31 

Turrent  Drive  ic 

5.84 

6.38 

Stabilization 

Other 

3.89 

4.01 

Other 

2.83 

5.1 

Depot  Maintenance 

6S.76 

72.44 

Total  Vehicle  (Sched) 

52.08 

57.13 

Power  Package 

4.8 

4.15 

(Unsched) 

Engine 

2.7 

2.37 

Transmission 

2.1 

1.78 

Other 

9.88 

11.16 

Total  Annual  Cost  of 

Maintenance  for 

Combat  Tank 

113.38 

125.46 

Uncertainty  Range 

*8% 

•15% 

•Characteristics  of  maturity  and  steady  state  operations  assumed. 


F.  .MICRO-COST  ANALYSES 

The  preceding  illustrations  have  addressed  information  called  for  in  the  normal 
DSARC  requirements.  The  types  of  analysis  implicit  in  many  decisions  made  during  an 
acquisition  program,  but  presented  to  the  DSARC  only  upon  request,  or  when  central  to 
the  issues  being  discussed,  will  now  be  explained. 

Such  analyses  have  been  termed  "micro-analyses."  They  normally  involve  only  a 
small  portion  of  total  cost,  and/or  focus  on  selected  subsystem  or  support  policy  trade- 
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offs.  Nonetheless,  their  importance  to  OdcS  cost  analysis  is  immense,  because  they  can 
influence  major  program  decisions. 

Three  examples  are  presented.  The  first  sketches  a maintenance  support 
requirements  analysis  (see  Section  V).  The  second  illustrates  the  presentation  of  a 
sensitivity  analysis.  The  third  demonstrates  some  of  the  interactions  among  design 
characteristics  that  influence  O&S  costs.  All  three  examples  are  intended  to  convey  the 
flavor  of  micro-analysis  of  O&S  costs,  and  not  to  specify  a particular  procedure  or  format. 

1.  Maintenance  Support  Requirements  (MSR)  Analysis 

Table  13  outlines  a typical  MSR  analysis.  In  this  example,  the  objective  is  to 
compare  the  below  depot  maintenance  manpower  requirements  of  two  alternative 
subsystems.  The  choice  is  essentially  a trade-off  between  the  shorter  average  repair 
times  for  Alternative  #1  and  the  better  reliability  of  Alternative  #2.  The  first  calculation 
computes  the  differences  in  hardware-driven  requirements  in  terms  of  maintenance  man- 
hours per  operating  hour  (MMH/OH).  The  differences  in  requirements  are  then  translated 
into  a manpower  impact.  The  manpower  impact  is  a result  of  both  hardware  and  policy- 
driven  requirements,  and,  in  most  cases,  will  depend  upon  other  system  requirements.  For 
example,  in  Table  13  the  .05  difference  in  intermediate  (INT)  MMH/OH  (calculated 
requirements)  would  amount  to  about  3.5  MMH/day  in  a typical  tank  battalion.  Only  by 
considering  deployment  needs,  organizational  practices,  manning  policies,  and  other 
requirements  for  intermediate  maintenance  technicians  of  the  same  skill  could  the  need 
for  these  additional  technicians  be  identified.  The  preferred  alternative  is  #2,  because 
the  total  below  depot  maintenance  impact  for  Alternative  #1  requires  three  additional 
technicians  per  battalion. 

2.  Sensitivity  Analysis 

The  O&S  cost  estimate  for  a combat  vehicle  is  frequently  based  on  the 
assumption  that  specified  program  goals  will  be  attained.  The  DSARC  should  be  informed 
of  the  consequences  of  not  reaching  these  goals. 
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TABLE  13.  MAINTENANCE  SUPPORT  REQUIREMENTS  ANALYSIS 


Cost  Sle.Tient  of  ’nteres*:  Selow  Depot  Maintenange  (CQ2) 


Orfanizational  Maintenance  = 

["Numoer  of  Maintenance  "I 
|_.Actions  per  Operating  HourJ 

TMean  Time  to  Isolate  Fault, 

|_ .Access  and  Repair  cr  Replace 

ORG.MMH/OH 

^PAMH  * (RIP) 

UMH)  + (1-RIP)  (R.MH)j 

Intermediate  .Maintenance 
•Man-hours  per  Operating  Hour 

rNu.mber  of  Removals  1 
L per  Operating  HourJ 

[.Mean  Time  to  RepairJ 

INT.MMH/OH 

[(1-RIP)  (MTTR)] 

Oata: 


SUBSYSTEM 

SUBSYSTEM 

SYMBOL 

DEFINITIONS 

ALTERNATIVE  *1 

.ALTERNATIVE  4 2 

UF 

Ratio  of  operating  hours  to  running  hours 

1.25 

1.25 

MTBF 

.Mean  operating  hours  between  failures 

10  hrs. 

15  hrs. 

PAMH 

Average  man-hours  for  preparation  and 

access 

.50  hrs. 

.75  hrs. 

RIP 

Fraction  of  failures  which  can  oe 

repaired  in-place 

.20 

.40 

IMH 

.Average  man-hours  to  isolate  fault,  repair 

in-place,  and  check-out 

.25  hrs. 

1.50  hrs. 

R.MH 

.Average  man-hours  to  isolate  fault,  remove 

and  replace 

.75  hrs. 

1.0  hrs. 

MTTR 

Average  time  for  shop  maintenance. 

including  diagnostics,  repair,  and 

check-out 

2 hrs. 

3 hrs. 

CALCULATED  HEQUIHE.VIE.VTS; 

ORG.MMH/OH 

INT.MMH/OH 

TOTAL  MMH/OH 


ALT.  42 

ALT  42 

(41)  - (42) 

.144 

.166 

-.013 

.200 

.150 

050 

.344 

.312 

-.032 

MANPOWER  IMPACT: 

ORGA.'flZATlON  MAINTE.NANCE  MANPOWER:  NONE 

INTERMEDLATE  MAINTENANCE  MANPOWER:  ALTERNATIVE  41  requires  three 

additional  technicians  a $10,000 
per  year  each. 


PREFERRED  ALTERNATIVE:  4 2. 


Figure  5 illustrates  the  results  of  a hypothetical  analysis  of  the  sensitivity  of  a 
subsystem's  support  cost  to  reliability.  The  curve  labeled  "Traditional  Method  of  Support" 
shows  the  estimated  annual  support  cost  of  the  subsystem  over  the  range  of  reliabilities 
experienced  on  existing  similar  subsystems.  It  also  indicates  that  if  this  traditional 
method  of  support  is  used,  further  improvement  in  reliability  will  not  substantially  reduce 
support  costs.  The  knee  of  the  curve  has  been  passed,  and  the  curve  flattens  very  quicKly. 


■ R£LIABILir'  • 


The  other  curve,  "Planned  Method  of  Support,"  shows  the  sensitivity  of  annual 
support  cost  to  the  reliability  of  the  proposed  subsystem,  and  allows  for  a method  of 
support  different  from  that  used  for  existing  similar  subsystems.  On  this  curve,  the 
estimated  annual  support  costs  associated  with  both  the  contractor-warranted  reliability, 
and  the  reliability  goal  for  the  mature  subsystem  are  identified.  Clearly,  if  the  reliability 
goal  is  reached,  the  planned  method  of  'upport  offers  substantial  reductions  in  annual 
support  cost.  However,  the  curves  also  illustrate  that  the  feasibility  of  the  planned 
method  of  support  aepends  upon  achieving  a much  better  level  of  reliability  than  that 
experienced  on  any  existing  similar  subsystem.  If  the  reliability  of  the  proposed 
subsystem  proves  no  better  than  that  of  existing  similar  subsystems,  the  traditional 
method  of  support  will  be  preferred. 
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This  sensitivity  analysis  conveys  two  important  messages  to  the  acquisition 


manager  and  the  DSARC.  First,  the  reliability  of  the  proposed  subsystem  is  critical.  The 
goals  established  are  high,  and  development  and  procurement  costs  for  the  subsystem  will 
reflect  the  expense  of  efforts  to  meet  them.  If  the  chances  of  actually  achieving  the 
reliability  goals  are  not  good,  it  might  be  wise  to  lower  them  to  the  range  for  existing 
similar  subsystems,  and  plan  to  support  the  subsystem  in  the  traditional  manner.  This 
should  reduce  the  development  and  procurement  costs,  as  well  as  the  program  risk.  If  the 
established  reliability  goals  are  determined  to  be  realistic,  and  probably  attainable,  the 
subsystem's  reliability  must  then  be  monitored  closely  throughout  the  development, 
testing,  and  initial  operating  phases  of  its  life  cycle.  Any  failure  to  meet  interim 
reliability  objectives  would  signal  potential  problems  that  might  necessitate  change  in  the 
support  concept. 

The  second  message  conveyed  by  the  sensitivity  analysis  is  that  the  design  of 
the  subsystem  must  not  prohibit  either  method  of  support.  If  the  subsystem's  reliability 
meets  program  goals,  implementation  of  the  planned  method  of  support  would  be 
advantageous.  But  if  the  subsystem's  reliability  proves  disappointing,  support  comparable 
to  that  for  existing  similar  subsystems  would  be  desirable. 

3.  Subsystem  Trade-off  Considerations 

a.  Introduction 

A fundamental  purpose  of  the  DSARC  process  is  to  seek  improvements  in 
the  proposed  system  that  will  result  in  lower  0<5cS  costs,  and  still  satisfy  the  given  mission 
requirements.  Such  analyses  invariably  involve  trade-offs  between  the  present  costs  of  a 
design  or  policy  change,  and  future  cost  savings.  Often  these  trade-off  analyses  are  used 
to  determine  threshold  or  break-even  conditions,  where  the  relative  merits  of  designs  or 
policies  can  be  demonstrated.  In  general,  every  significant  O&S  cost  driver  should  be 
analyzed  to  determine  those  conditions  where  a design  or  policy  could  be  improved  or 
changed  that  could  potentially  yield  O&S  cost  savings. 
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Investigating  trade-offs  among  cost,  design,  and  policy  is  important 
throughout  the  DSARC  process.  Investigation  of  design  and  policy  changes  prior  to  their 
"hard"  definition  is  preferred.  The  following  example  is  an  illustration  of  how  certain 
design  characteristics  of  a combat  vehicle  subsystem  (e.g.,  fire  control  electronics, 
turbine  engine,  etc.),  can  be  reviewed  early  in  the  acquisition  program, 
b.  Setting 

Assume  that  a new  weapon  system  has  been  proposed,  and  the  funding  for 
conceptual  development  has  been  approved  at  Milestone  I.  In  the  meetings  prior  to 
Milestone  II,  several  O&S  cost  drivers  have  been  identified  as  candidates  for  possible 
design  changes  and  management  control  actions.  Fault  isolation  problems  in  particular 
have  been  identified  as  an  important  0<5cS  cost  driver  in  the  reference  system.  Historical 
trends  indicate  that  fault  isolation  difficulties  will  increase,  and  continue  to  prevent  the 
achievement  of  desired  operational  readiness  (OR)  rates,  in  addition  to  increasing  0<5cS 
costs. 

The  following  information  is  available  from  the  SPDS  and  back-up 

material: 

- The  reference  system  fire  control  subsystem  has  four  modules,  and 
the  proposed  system  is  expected  to  have  eight. 

- The  reference  fire  control  subsystem  has  an  average  aggregate 
failure  rate  of  24  per  iOOO  operating  hours,  or  an  MTBF  of  41.7  hours 
(to  be  referred  to  as  the  nominal  failure  rate).  The  proposed  system 
is  planned  to  have  a 50%  lower  aggregate  failure  rate  of  12  per  1000 
operating  hours,  or  6in  MTBF  of  about  85  hours.  (Note  that  the 
nominal  aggregate  failure  rate  for  all  the  systems  considered  is 
24  per  1000  operating  hours.) 

- The  proposed  fire  control  subsystem  is  expected  to  have  an  average 
fault  isolation  or  diagnosis  accuracy  of  twice  that  of  the  reference 
system. 


67 


- The  reference  system  cost  per  module  is  $30,000. 

The  proponent  Military  Department  wants  to  increase  modularity  in  the  proposed  design  in 
order  to:  isolate  the  high-technological-risk  components  more  easily;  reduce  fault 
isolation  and  remove  and  replace  times;  reduce  total  spares  requirements;  aind,  increase 
the  opportunities  for  selective  reliability  improvement  programs. 

In  the  pre-DSARC  meeting  discussions,  it  has  been  agreed  that  the 
Military  Department  will  analyze  and  present  the  impact  of  alternative  fire  control 
subsystem  designs  with  different  reliability  and  fault  isolation  conditions  on  selective  O&S 
cost  elements.  The  CAIG  has  specifically  asked  the  Military  Depeirtment  to  submit  a 
formed  analysis  of  potential  trade-offs  between  reparable  spares  investment  costs,  and 
different  module  configurations  (two,  four,  eight),  as  a function  of  reliability  and  fault 
diagnosis  accuracy.  Break-even  points  must  be  identified  where  the  spares  investments 
for  the  different  configuration,  reliability  and  fault  diagnosis  combinations  are  equal. 
Note  that  for  the  purposes  of  this  illustration,  only  the  spares  costs  are  estimated, 
c.  Analysis 

The  proposed  fire  control  subsystem  is  expected  to  have  eight  modules, 
but  two-  or  four-module  configurations  are  feasible.  The  question  is,  "Under  what 
reliability  and  diagnosis  accuracy  conditions  will  one  design  be  preferred  over  the  others 
with  respect  to  spares  investment  costs?"  The  following  assumptions  have  been  made: 

1)  The  costs  of  designing  a two-,  four-  or  eight-module  configuration 
are  essentially  the  same. 

2)  The  spares  costs  are  computed  for  different  modules,  reliabilities 
and  fault  isolation  accuracies.  Combat  vehicle  utilization,  or 
operating  hour  program  is  held  constant.  In  this  instance,  a 
peacetime  operating  hour  program  of  about  five  hours  per  month 
per  tank  for  a fleet  of  about  2,000  tanks  is  assumed.  In  the  event 
of  a Not-Operationally-Ready  tank  due  to  Spares  (NORS) 
occurrence,  this  operating  schedule  is  maintained  so  that  the 
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failure  rate  is  held  constant.  For  each  module,  spares  are  obtained 
as  suitable  multiples  of  pipeline  quantities  so  that  a stated  level  of 
NORS  tanks  is  achieved.  (Spares  volume  discounts  are  not 
considered.) 

3)  The  failure  rates  (per  operating  hour),  based  on  the  reference 
system's  nominal  failure  rate,  for  the  different  configurations  are 
aggregated  as  in  Table  14. 


TABLE  14.  MODULE  FAILURE  RATES 
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Is 

- 
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•Failures  per  operating  hour. 


4)  The  spares  costs  of  the  different  configurations  are  estimated  to  be 
as  in  Table  15. 

TABLE  15.  MODULE  SPARES  COSTS 


Configuration 

Cost  per  Module 

Subsystem  Costs 

2-ModuIe 

$40,000 

$ 80,000 

4-Module 

(Reference  System) 

$30,000 

$120,000 

8-Module 

(Proposed) 

$20,000 

$160,000 
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(Penalties  reflecting  extra  expenses  and  weights  normally  incurred 
for  separate  packaging,  interfaces,  and  connectors  are  incorporated 
in  these  costs) 

5)  The  repair  of  aU  modules  will  require  about  the  same  level  of 
effort  for  the  different  configurations,  and  the  pipeline  times  (base 
and  depot  repair)  are  about  the  same.  No  cannibalization  is 
assumed. 


6)  AU  modules  are  LRU's  and  can  be  removed  and  replaced 
independently  of  one  another. 

7)  Support  equipment  costs  and  maintenance  personnel  costs  are  the 
same  for  aU  configurations.  Also,  there  are  no  support  equipment 
capacity  constraint  problems. 

8)  The  percentage  of  repairs  made  at  the  base  (as  opposed  to  the 
depot)  is  about  the  same  for  the  different  configurations. 

If  the  diagnosis  of  a fault  were  perfectly  accurate,  then  only  the  failed 
module  would  be  removed.  However,  more  than  one  module  may  be  removed  from  the 
tank,  at  the  same  time  or  sequentiaUy,  because  of  incorrect  diagnosis  or  a desire  for  quick 
turnaround.  More  than  one  of  the  removed  modules  may  be  sent  to  the  depot  for  repair 
because  of  incorrect  fault  diagnosis,  or  because  the  mechanic  cannot  afford  to  wait  for 
the  repair  of  one  unit  to  be  sure  that  another  is  working  properly. 

If  one  module  at  a time  is  removed,  tested  and  repaired  (when  required) 
from  an  M-module  configuration,  where  each  module  is  equally  likely  to  fail,  and 
successive  modules  are  removed  until  the  failed  one  is  identified,  the  expected  number 
removed  is  For  the  purpose  of  this  illustration,  the  accuracy  of  removal  and 

selection  for  inspection  and  repair  (considered  as  one  operation)  is  represented  by; 


j 

i 
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where  p is  the  diagnosis  accuracy  index  which  can  take  on  values  between  0 and  1.  (Note 

this  is  not  a probability  of  correct  fault  isolation.)  For  this  measure: 

If  the  average  number  removed  is  1,  then  there  is  perfect  diagnosis 

and  subsequent  repair,  then  p = 1;  and 

N+1 

If  the  average  number  removed  is  then  there  is  a random 

search,  the  diagnosis  accuracy  index,  p =0. 

It  is  possible  to  do  worse  than  a random  search.  Such  a situation  could 
result  from  the  removal  of  modules  for  a problem  incorrectly  associated  with  that 
subsystem.  Software  problems  have  been  known  to  cause  such  unnecessary  removals. 
However,  in  this  instance,  it  is  assumed  that  a random  search  approach  is  the  "worst" 
expected  case  for  diagnosing  failures.  Conversely,  the  best  case  is  perfect  diagnosis. 
Therefore,  all  the  likely  fault  diagnosis  cases  can  be  reflected  as  having  values  of  p 
between  0 and  1. 

In  order  to  reflect  the  possible  range  of  reliability  conditions,  several 
multiples  of  the  reference  system  nominal  failure  rate  will  be  investigated.  The  cases  to 
be  analyzed  are:  one-half  of  the  nominal  failure  rate  (the  best  case),  the  nominal  failure 
rate  (the  reference  system  value,  and  the  most  likely  case),  dnd  twice  the  nominal  failure 
rate  (the  worst  case).  The  methodology  used  in  this  analysis  is  illustrated  schematically  in 
Figure  6. 

d.  Results 

The  results  of  this  analysis  of  the  trade-off  relationships  among  different 
configurations,  reliability,  diagnosis  accuracy,  and  NORS  rates  and  spares  costs  are 
illustrated  in  Figures  7 to  9.  These  comparisons  are  most  easily  understood  by  fixing  a 
required  NORS  rate,  say  at  5%,  for  the  fire  control  subsystem,  and  then  oL serving  the 
comparative  advantages  in  terms  of  spares  investment  for  the  different  modular 
configurations  at  the  different  reliability  and  diagnosis  accuracy  rates.  To  assist  in  these 
comparisons,  the  candidate  designs  (N=2  and  8)  are  defined  as  multiples  of  the  reference 
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FIGURE  6.  METHODOLOGY  TO  COMPUTE  AVERAGE  NORS  VS  SPARES 

AS  A FUNCTION  OF  NLTBER  OF  MODULES  , 
RELIABILITY  AND  FAULT  DIAGNOSIS  ACCURACY 


INPUT  DATA/INrORMAlION 

• Configurations  to  be  considered 

• For  each  module  specify: 

- Failure  rates  per  operating  hour 

- Base  and  depot  repair  cycle  time  (days) 

- The  percent  repairable  at  base  level 

- Nominal  cost  of  modules  (for  the  reference  case,  and  other 
configurations  as  a functions  of  the  reference  modules, 
weight  and  connector  penalties  included) 

• Application  Scenario 


PIPELINE 
VARIATIONS 
. COMPUTED 


'ALTERNATIVES 
ONFIGURAIIONS 
SCONS  IDEREDX 


OUTPUT 

Spares  costs  by  expected  average  NORS  for  ranges  of: 

- Reliability 

- Diagnosis  Accuracy 

- Number  of  Modules 


I 

I 

I 

system  (N=4),  and  the  reliability  ranges  are  defined  as  one-half  and  one  and  one-half  times 
the  nominal  or  reference  system  reliability. 

When  the  fault  diagnosis  accuracy  is  no  better  than  that  for  a random 
search  strategy'  (p=0,  Figure  7),  increasing  the  number  of  modules  from  four  to  eight 
could,  in  the  low  reliability  case  (one  and  one-half  the  nominal  failure  rate),  increase  the 
required  spares  investment  by  50%  for  a constant  5%  NORS  requirement.  For  the  high 
reliability  case  (one-half  the  nominal  failure  rate),  increasing  the  number  of  modules  from 
four  to  eight  yields  about  the  same  spares  investment  requirement  at  the  5%  NORS  rate. 
The  dramatic  savings  for  this  low  diagnostic  accuracy  situation  are  clearly  derivable  from 
an  increase  in  the  reliability  of  the  fire  control  subsystem,  and  not  from  an  increase  in 
modularity. 

As  the  diagnosis  accuracy  increases  to  where  there  is  an  equal  mix  of 
perfect  and  random  diagnosis  (p=.5.  Figure  8),  the  comparative  advantage  of  increasing 
the  number  of  modules  improves  relative  to  the  worst  (p=0)  diagnosis  accuracy  case. 
However,  the  dominant  leverage  to  reduce  the  spares  investment  is  still  through  reliability 
improvement  for  this  level  of  diagnosis  accuracy. 

For  the  perfect  diagnosis  case  (p=l.  Figure  9),  increasing  the  number  of 
modules  has  a substantial  payoff  in  the  reduction  of  spares  investment  over  the  nominal 
(reference)  case.  In  fact,  the  eight-module  configuration,  with  a 50%  degradation  in 
reliability  over  the  nominal  reliability,  requires  virtually  the  same  spares  investment  as 
the  reference  four-module  configuration  of  the  nominal  failure  rate.  The  spares 
requirements  for  the  eight-module  configuration  at  one  and  one-half  the  nominal  failure 
rate  are  virtually  congruent  with  the  reference  four-module  configuration  at  the  nominal 
failure  rate.  The  eight-module  configuration  at  the  nominal  or  one-half  the  nominal 
failure  rate,  with  perfect  diagnosis,  provides  a 5%  NORS  rate  at  virtually  no  spares 
investment. 
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FIGURE  10.  SPARES  INVESTMENT  VS  DIAGNOSIS  ACCURACY 


OIAGNOSIS  ACCITUCY 

A useful  way  to  portray  these  results  for  DSARC  presentation  is  shown  ii. 
Figure  10.  In  that  illustration,  the  crossover  or  break-even  points,  in  terms  of  the  spares 
investment  for  a 5%  NORS  rate,  for  the  two-,  four-,  and  eight-  module  cases  of  different 
reliabilities  and  diagnosis  accuracies  are  shown.  The  important  points  are: 

1)  Modularity  pays  off  only  if  the  diagnostic  accuracy  is  high  enough. 
In  this  case,  the  eight-module  configuration  requires  fewer  spares 
than  the  four-module  configuration,  at  the  low  or  nominal 
reliability  levels,  when  the  diagnostic  accuracy  is  approximately 
p=.6  or  higher.  When  the  reliability  is  high  (one-half  the  nominal 
failure  rate),  the  diagnostic  accuracy  need  only  be  about  p = .25  or 
higher  for  the  eight-module  design  to  require  a lower  spares 

1 

investment  than  the  reference  four-module  design. 
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2)  The  existing  design  (four-module)  with  a diagnostic  accuracy  of 
around  p=0.45  was  a good  selection  for  the  reference  system.  At 
the  same  reliability  level,  the  proposed  configuration  must  exhibit 
at  least  a 30%  improvement  in  diagnosis  accuracy  in  order  to  save 
on  spares  costs. 

3)  In  order  for  the  DSARC  to  be  confident  that  the  proposed  system 
will  require  lower  spares  costs,  a specific  test  and  demonstration 
program  must  be  developed  and  monitored  to  ensure  that  the 
necessary  reliability  and  fault  diagnostic  accuracy  are  achieved. 

The  above  example  illustrates  the  kind  of  analysis  that  could  be  carried 
out  prior  to  the  actual  design  of  the  proposed  fire  control  concept.  It  could  be  discussed 
at  Milestone  II  in  terms  of  feasible  regions,  O&S  cost  crossover  points,  and  selective 
demonstration  requirements. 


L. 
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APPENDIX  A 

COMBAT  VEHICLE  COST  ELEMENT  DEFINITIONS 


100  RESEARCH  AND  DEVELOPMENT:  (Includes  the  cost  of  Development  Engineering, 
Producibillty  Engineering  and  Planning,  Tooling,  Manufacturing  Prototypes  and 
MIL  STD  881  Category  Systems  Test  and  Evaluation) 

200  INVESTMENT: 

201  SYSTEM  INVESTMENT:  The  drive-away  cost  of  the  combat  vehicle  (see 

DoD  7110-1-M,  Department  of  Defense  Budget  Guidance  Manual)  plus  any 
other  costs  to  the  Government  of  producing  or  procuring  the  combat  vehicle, 
managing  the  acquisition  program,  and  delivering  the  combat  vehicle  to  initial 
operational  units.  Includes  the  following  MIL  STD  881  categories:  Combat 

Vehicle  and  System/Project  Management, 

202  SUPPORT  INVESTMENT:  The  sum  of  cost  elements  202.1  through  202.7. 

202.1  Support  Equipment:  The  cost  of  acquiring  peculiar  and  common 

equipment  and  software  needed  for  operating,  testing,  repairing,  or 
otherwise  supporting  the  combat  vehicle,  its  subsystems  (engines, 
electronics,  armament,  etc.)  and  support  equipment, 

202.2  Training  Equipment  and  Services:  The  cost  of  acquiring  and  installing 
training  equipment  and  software,  including  simulators.  Includes  the 
cost  of  training  initial  operator,  maintenance,  and  instructor 
personnel.  Excludes  the  pay,  allowances  and  travel  of  trainees,  which 
are  included  in  cost  element  307.  (See  Note  1.)* 

202.3  Documentation:  The  cost  of  gathering,  storing,  reproducing,  and 

disseminating  technical  and  managerial  data  and  the  cost  of  preparing, 
updating,  and  reproducing  publications  such  as  technical  manuals. 

202.4  Initial  Spares  and  Repair  Parts:  The  cost  of  secondary  item  spares  and 
repair  parts  needed  for  support  of  a new  combat  vehicle  during  the 
initial  period  of  operating  service,  normally  not  longer  than  two  years 
from  the  date  of  initial  operational  capability  (IOC).  Includes  spare 
engines  and  engine  modules.  Excludes  cryptologic  equipment.  (See 
Note  2.) 

202.5  Facilities  (Non-production):  The  cost  of  construction,  conversion  or 

expansion  of  facilities  required  for  operation  or  support  of  the  combat 
vehicle,  its  subsystems,  or  support  equipment.  Includes  MIL  STD  881 
cost  categories  Operational/Site  Activation  and  Industrial  Facilities 
(non-production). 

202.6  War  Reserve  Materiel:  The  cost  of  establishing  or  increasing  stocks  of 
materiel  amassed  in  peacetime  to  meet  wartime  stock  requirements. 
Excludes  spare  engines  and  engine  modules. 

♦Notes  for  Appendix  A are  at  the  very  end  of  Appendix  A. 
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300  OPERATING  AND  SUPPORT:  The  variable  cost  of  operating  and  supporting  a 

weapon  system  including  contractual  support. 

301  DEPLOYED  UNIT  OPERATIONS  The  cost  of  deployed  unit  manpower  (for 
example,  crews,  command  staff  and  security  personnel);  POL;  and  other 
operating  expenses  chargeable  to  the  non-maintenance  activities  of  a deployed 
unit  including  contractual  support.  A deployed  unit  consists  of  any  unit 
operating  in  the  field  for  combat,  training  or  other  operating  purpose.  (See 
Note  3.) 

301.1  Crews:  The  cost  of  paying  the  full  complement  of  crews  required  to 
man  unit  combat  vehicles.  Included  are  all  crew  personnel  necessary 
to  meet:  combat  deployment  requirements,  training  requirements,  and 
administrative  requirements,  such  as  leave. 

301.2  Command  Staff:  The  cost  of  paying  the  personnel  required  for  unit 
supervision.  These  personnel  perform  such  jobs  as  command, 
operations  control,  planning  and  scheduling,  safety,  quality  control  on 
crew  training  and  operational  proficiency,  and  include  the  combat 
commander,  the  Battalion  commanders  emd  their  respective  staffs. 

301.3  POL:  The  cost  of  petroleum,  oil  and  lubricants  required  for  peacetime 
unit  operations,  including  allowances  for  distribution,  storage  and 
spillage. 

301.4  Security:  The  cost  of  paying  personnel  needed  for  unit  equipment 

security,  for  example,  entry  control,  close  and  distant  boundary 
support,  and  security  alert  teams. 

301.5  Other  Deployed  Manpower:  The  cost  of  paying  all  other  personnel  (for 
example,  public  information  and  social  action  people)  assigned  to  a 
typical  deployed  unit  during  peacetime,  except  those  personnel 
included  in  cost  elements  301.1  (Crews),  301.2  (Command  Staff), 
and  302  (Below  Depot  Maintenance). 

301.6  Personnel  Support:  The  cost  of  supplies,  services  and  equipment 

needed  to  support  deployed  unit  personnel.  Examples  of  costs  included 
are:  administrative  supply  items,  travel  expenses,  expendable  office 

machines  and  equipment,  custodial  services,  and  other  variable 
personnel-oriented  support  costs  incurred  at  the  deployed  unit. 

302  BELOW  DEPOT  MAINTENANCE:  The  cost  of  meinpower  6ind  materiel  needed  for 
maintenance  of  deployed  unit  combat  vehicles,  support  equipment  and  ordnance, 
including  contractual  support.  (See  Note  4.) 

302.1  Combat  Vehicle  Maintenance  Manpower:  The  cost  of  paying  the 

personnel  needed  to  meet  below  depot  maintenance  requirements 
(including  contractor  support)  of  the  deployed  unit.  Included  are 
personnel  needed  to  meet  the  maintenance  demands  of  the  assigned 
combat  vehicles'  related  support  equipment,  precision  measurement 
equipment,  laboratory  equipment,  and  training  simulators  and  support 
equipment;  to  provide  for  maintenance  supervision  and  control;  and  to 
cover  administrative  requirements,  such  as  leave. 
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302.2  Ordnance  Maintenance  Manpower;  The  cost  of  paying  the  personnel 
needed  for:  loading,  unloading,  arming  and  de-arming  of  munitions  and 
missiles;  inspection,  testing  and  maintenance  of  all  combat  vehicle 
weapons  release  systems;  maintenance,  ammunition  loading,  activation 
and  deactivation  of  gun  systems;  and  maintenance  and  handling  of  the 
munitions  and  missile  stockpile  authorized  by  the  WRM  plan. 

302.3  Maintenance  Materiel:  The  cost  of  purchasing  materiel  from  the 

General  and  System  Support  Divisions  of  the  Stock  Fund.  This  includes 
only  non-reparable  expense  items  consumed  in  the  repair  process. 
Excludes  reparables  procured  from  the  Stock  Fund,  which  are  included 
in  cost  element  308.1  (Replenishment  Spares). 

302.4  Personnel  Support:  The  cost  of  supplies,  services  and  equipment 

needed  to  support  below-depot  maintenance  personnel.  Examples  of 
included  costs  are  administrative  supply  items,  travel  expenses, 
expendable  office  machines  and  equipment,  custodial  services,  and 
other  variable  personnel-oriented  support  costs  incurred  at  the 
maintenance  activities. 

303  INSTALLATION  SUPPORT:  The  variable  cost  of  providing  support  for 

deployed  unit  personnel  at  the  unit's  support  installation(s).  Includes 
contractual  support. 

303.1  Base  Operating  Support:  The  cost  of  installation  personnel  and 

materiel  necessary  to  directly  support  the  deployed  unit.  Examples  of 
installation  functions  which  directly  support  the  unit  include:  food 
service,  supply,  smd  motor  pool  operations.  These  personnel  and 
materiel  costs  would  no  longer  be  incurred  by  the  installation  if  the 
deployed  unit  were  moved  elsewhere. 

303.2  Real  Property  Maintenance:  The  variable  costs  of  construction, 

maintenance  and  operation  of  real  property  facilities,  and  related 
management  and  engineering  support  work  and  services. 

303.3  Personnel  Support:  The  cost  of  supplies,  services  and  equipment 

needed  to  support  installation  support  personnel.  Examples  of  included 
costs  are:  administrative  supply  items,  travel  expenses,  expendable 

office  machines  and  equipment,  custodial  services,  and  other  variable 
personnel-oriented  support  costs  incurred  at  the  installation(s). 

304  DEPOT  MAINTENANCE:  The  cost  of  manpower  and  materiel  needed  to 

perform  combat  vehicle  and  associated  component  and  support  equipment 
maintenance  at  DoD  centralized  repair  depots  (including  contractual  support) 
and  contractor  repair  facilities. 

304.1  Manpower:  The  cost  of  labor  needed  to  perform  major  overhaul, 

repair,  modification,  inspection,  and  storage  and  disposal  of  combat 
vehicle  and  associated  components  £Uid  support  equipment.  Includes 
variable  overhead  for  organic  repair. 
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304.2  Materiel:  The  cost  of  materiel  consumed  in  the  depot  overhaul,  repair, 
inspection  and  storage  and  disposal  process. 

305  DEPOT  SUPPLY:  The  cost  of  manpower  and  materiel  needed  to  buy,  store, 
package,  manage  and  control  the  supplies,  spares  and  repair  parts  used  in 
operating  and  maintaining  combat  vehicle  and  associated  components  and 
support  equipment;  and  to  provide  sustaining  (service)  engineering  and 
technical  data  support  for  combat  vehicle  systems.  Includes  contractual 
support. 

305.1  Materiel  Distribution:  The  cost  of  manpower  and  materiel  needed  to 
fill  requisitions  for  supplies,  spares  and  repair  parts.  Included  are 
receiving,  unpacking,  storage,  inspection  and  packing  and  crating 
costs. 

305.2  Materiel  Management:  The  cost  of  manpower  and  materiel  needed  to 
manage  the  procurement  of  supplies,  spares  and  repair  peirts  and 
maintain  control  and  accountability  of  these  assets.  (See  Note  5.) 

305.3  Technical  Support:  The  cost  of  sustaining  (service)  engineering  emd 
technical  data  and  documents  needed  to  perform  sustaining 
engineering  and  maintenance  on  combat  vehicle  components  and 
support  equipment. 

306  SECOND  DESTINATION  TRANSPORTATION:  The  round-trip  cost  of 

transporting  engines  and  engine  components,  ground  support  equipment  and 
reparable  secondary  items  to  depot  maintenance  facilities  and  back  to  the 
operational  unit  or  CONUS  stock  points,  and  the  one-way  cost  of  transporting 
repair  parts  from  CONUS  stock  points  to  depot  and  below  depot  maintenance 
activities. 

307  PERSONNEL  TRAINING  AND  SUPPORT:  The  variable  cost  of  initial  and 

replacement  training  (training  pipeline),  moving  and  health  care  of  personnel. 
Includes  contractual  support. 

307.1  Individual  Training:  The  variable  cost  of  recruit  and  technical  (skill), 
training,  including  the  pay  of  training  pipeline  personnel,  and  the  cost 
of  their  instruction  (including  instructor  pay).  (See  Note  1.) 

307.2  Health  Care:  The  variable  cost  of  providing  medical  support  to 

deployed  units,  below  depot  maintenance,  installation  support  and 
training  pipeline  including  the  pay  of  medical  personnel  who  provide 
this  support,  and  the  cost  of  medical  materiel. 

307.3  Personnel  Activities:  The  PCS  costs  of:  deployed  unit,  below-depot 
maintenance,  installation  support,  training  pipeline  and  medical 
personnel. 

307.4  Personnel  Support:  The  cost  of  supplies,  services  and  equipment 

needed  to  support  training  pipeline  and  medical  personnel.  Examples 
of  included  costs  are:  administrative  supply  items,  travel  expenses, 
expendable  office  equipment  and  machines,  custodial  services,  and 
other  variable  personnel-oriented  support  costs  incurred  at  training 
centers  and  medical  facilities. 
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308  SUSTAINING  INVESTMENTS:  The  cost  of  procuring  spares,  modification  kits 
and  materiel,  ground  support  equipment  and  training  ordnance  needed  to 
sustain  deployed  unit  peacetime  operations,  exclusive  of  WRM  costs. 

308.1  Replenishment  Spares:  The  cost  of  procuring  combat  vehicle 

assemblies,  spares  and  repair  parts  that  are  normally  repaired  and 
returned  to  stock.  In  addition,  this  cost  can  include  procurement  of 
stock  levels  that  are  not  provided  by  initial  spares  procurement. 

308.2  Modification  Kits  and  Materiel:  The  cost  of  modifying  combat 

vehicles,  ground  equipment,  and  training  equipment  in  the  operating 
inventory  to  make  them  safe  for  continued  operation,  to  enable  them 
to  perform  mission-essential  tasks  (not  new  capability),  and  to  improve 
reliability  or  reduce  maintenance  cost.  Includes  spares  for  modified 
equipment. 

308.3  Replenishment  Support  Equipment  (GSE):  The  cost  of  replenishing 

common  servicing  equipment,  maintenance  and  repair  shop  equipment, 
instruments  and  laboratory  test  equipment,  and  other  equipment 

including  spares  for  these  equipments.  Covers  such  items  as  auxiliary  1 

generators;  engine  stands;  test  sets  for  radios,  radars  and  fire  control 
systems;  hand  tools;  compressors;  gauges  and  other  minor  items. 

These  equipment  demands  are  generated  by  a need  to:  (1)  replace 

peculiar  support  equipment  bought  using  procurement  funds;  (2)  obtain 
common  off-the-shelf  ground  equipment  needed  to  support  operations 
as  production  combat  vehicles  arrive  in  the  operating  inventory;  and 
(3)  replenish  common  support  equipment  no  longer  usable. 

308.4  Training  Ordnance:  The  cost  of  replacing  or  increasing  stocks  of 

training  ammunition,  rockets  and  missiles  expended  during  peacetime 
operations.  ' 

i 

308.4.1  Munitions:  The  cost  of  munitions  (live  and  inert)  expended 

by  the  operating  unit  for  the  purpose  of  sustaining  crew 
proficiency  in  weapon  delivery  techniques.  ^ 

308.4.2  Missiles:  The  cost  of  missiles  (live  and  inert)  expended  by  ’ 

the  operating  unit  for  the  purpose  of  sustaining  crew 
proficiency  in  weapon  delivery  techniques. 


NOTES: 

1)  Factory  training  provided  by  contractors  at  their  facilities  to  qualify  an  initial  cadre 
of  skilled  personnel  to:  (1)  operate  and  maintain  a weapon  system  when 

operationally  deployed,  or  (2)  initially  man  the  Services'  weapon  system-related  i| 

training  courses,  is  paid  for  by  both  investment  and  0<ScM  funds.  Contractor  > 

instructor  pay  and  the  cost  of  instruction  at  contractor  facilities  are  categorized  as  j 

investment  costs;  the  pay  of  Service  military  and  civilian  personnel  attending  the  j 

factory  schools  is  an  O&S  cost.  i 
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2)  The  distinction  between  initial  spares,  which  are  defined  as  a support  investment  j 

cost,  and  replenishment  spares,  which  are  considered  part  of  O&S,  is  one  of  ] 

convention.  Any  comparison  of  alternatives  should  address  total  spares  j 

requirements:  the  sum  of  cost  elements  202.4  and  301.1.  : 

i 

3)  If  the  unit  operates  weapon  systems  in  addition  to  the  type  being  evaluated,  create  a j 

typical  unit  to  represent  the  manpower  and  expenses  required  for  deployment  of  the  I 

combat  vehicle  of  interest,  and  expledn  how  the  costs  were  derived.  ‘ 

4)  Below  depot  mainteneince  includes  all  manpower  authorized  for  organizational,  j 

direct  support  and  general  support  units.  Manpower  in  units  which  support  more  j 

than  one  type  of  combat  vehicle  should  be  estimated  on  the  basis  of  relative  j 

workload.  j 

5)  Include  contractor  logistic  support  costs  for  the  appropriate  combat  vehicle  system.  | 
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APPENDIX  C 


GLOSSARY  OF  USEFUL  TERMS 


Conceptual  Design— That  stage  of  the  conceptual  phase  wherein  the  alternative  candidate 
systems  defined  by  feasibility  studies  are  verified  as  feasible  and  further  refined  and  a 
conceptual  baseline  is  prepared  for  DSARC  review.  Initial  resolution  of  identified 
technical  risks  is  made. 

Conceptual  Phase— That  phase  of  the  system  design  process  that  defines  a series  of 
feasible  designs  and  results  in  the  selection  of  one  or  more  candidate  systems  whose 
principal  performance  and  cost  characteristics  are  defined.  The  conceptual  stage  consists 
of  Feasibility  Studies  and  the  Conceptual  Design. 

Contract  Design— That  phase  of  the  system  design  that  results  in  an  allocated  baseline 
suitable  for  Milestones  II  or  III  and  provides  the  documentation  required  for  the  combat 
vehicle  to  be  contracted  for. 

Cost  Analysis  Improvement  Group— An  advisory  body  to  the  DSARC  on  matters  related  to 
cost.  (DoDD  5000.4) 

Defense  Systems  Acquisition  Review  Council— An  advisory  body  to  the  Secretary  of 
Defense  on  the  acquisition  of  major  defense  system  programs  and  related  policies. 

Design  to  uost— A management  concept  wherein  rigorous  cost  goals  are  established  during 
development,  and  the  control  of  system  costs  (acquisition,  operation  and  support)  is 
achieved  by  practical  trade-offs  among  operational  capability,  performance,  cost,  and 
schedule.  Cost,  as  a key  design  parameter,  is  addressed  on  a continuing  basis  and  as  an 
inherent  part  of  the  development  and  production  process.  (DoDD  5000.28) 

Decision  Coordinating  Paper— A document  that  defines  program  issues,  including  special 
logistics  problems,  program  objectives,  program  plans,  performance  parameters,  areas  of 
major  risk,  system  alternatives  and  acquisition  strategy.  (DoDD  5000.1) 

Feasibility  Studies— The  first  stage  of  the  conceptual  phase,  where  a series  of  designs  is 
defined  and  compared  to  operational  eind  cost  constraints,  leading  to  the  selection  of  one 
or  more  candidate  systems.  Major  technical  risks  are  defined. 

Life  Cycle  Cost— Total  cost  to  the  government  of  acquisition  and  ownership  of  a system 
over  its  full  life,  including  the  cost  of  development,  acquisition,  operation,  support,  and 
where  applicable,  disposal.  (DoDD  5000.28) 

Maintainability— A characteristic  of  design  and  installation  expressed  as  the  probability 
that  an  item  will  conform  to  specified  conditions  within  a given  period  of  time,  when 
maintenance  action  is  performed  in  accordance  with  prescribed  procedures  and  resources. 
(MIL-STD-721B) 
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f Operating  and  Support— Those  costs  associated  with  the  maintenance,  logistics  support  and 

operation  of  a system  over  its  operational  life. 

Preliminary  Design— That  phase  of  the  system  design  process  where  the  selected  design  is 
further  defined  and  heirdware  and  system  characteristics  are  selected  and  refined.  A 
functional  baseline  is  prepared  for  DSARC  review. 

I Reliability— Probability  that  materiel  will  perform  its  intended  function  for  a specified 

I period  of  time  under  stated  conditions.  (DoDD  5155.11) 

I Subsystem— A major  functional  grouping  of  weapon  system  components  or  equipments, 

e.g..  Propulsion  System. 

i 

Support  Investment— One-time  costs  associated  with  a weapon  system  that  are  required  in 
order  to  ensure  that  the  planned  support  of  that  weapon  system  is  achieved.  It  includes 
initial  spare  eind  repair  parts,  facilities  investment,  special  tools  and  test  equipment, 
initied  training  in  the  operation  and  maintenance  of  the  system,  and  documentation  and 
software  required  to  maintain  the  weapon. 

System— A complete  weapons  system,  i.e.,  a combat  vehicle. 

‘ Visibility  and  Management  of  Support  Costs— An  effort  to  establish  management 

information  systems  that  will  identify  the  direct  and  appropriate  indirect  costs  of 
supporting  individual  weapon  systems,  with  particular  emphasis  on  the  maintenance 
j function.  (DoD  MBO  9-2,  1975) 
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ABBREVIATIONS 

AAW— Anti-Air  Warfare 

CAIG— Cost  Analysis  Improvement  Group 

CES— Cost  Element  Structure 

DCP— Decision  Coordinating  Paper 

DSARC— Defense  Systems  Acquisition  Review  Council 

EPA— Extended  Planning  Annex 

F&FP— Force  and  Financial  Plan 

FYDP— Five  Year  Defense  Plan 

GFE— Government  Furnished  Equipment 

IMA— Intermediate  Maintenance  Activity 

LCC— Life  Cycle  Cost 

MMBF— Mean  Miles  Between  Failure 

MMTO— Mean  Miles  to  Overhaul 

MSR— Maintenance  and  Support  Req  lirements 

NBC— Nuclear,  Biological,  Chemical  (Warfare) 

O&S— Operating  and  Support 
OSD — Office  of  the  Secretary  of  Defense 
SecDef— Secretary  of  Defense 
^—Support  Investment 

SPDS— System  Program  Definition  Statement 
VAMOSC— Visibility  and  Management  of  Support  Costs 
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